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MCDU-8 - A COMPUTER (ODE FOR THE
NUMERICAL CALCULATION OF ONE-DIMENSIONAL BLAST WAVE PROBLEMS

INTRODUCTICN

The propagation of blast waves in an inviscid fluid such as air or
water has always been of interest, and numerous attempts have been made
to obtain its solutions. The vast majority of the methods used required
that either the disturbances be weak, or that the explosions obey a given
similarity constraint which is appropriate for ''point source' explosions
only. The only methods which can give complete solutions with prescribed
initial and boundary conditions are numerical methods with the aid of
digital computers.

Among the numerical calculations, finite difference techniques and
the method of characteristics have been widely adopted. For the blast

wave problem, shock wave propagation is one of the most important features.

Therefore, the method of characteristics which allows shocks to be traced
exactly is inherently more accurate than finite difference methods [1].

Although there are many research papers which use the method of
characteristics to solve blast wave problems, most of them have made re-
strictive approximations for simplicity. Chou and Huang [2] use a con-
stant time scheme in conjunction with the method of characteristics to
solve a hlast wave problem resulting from the sudden release of a highly
compressed air sphere. Their computer code, MCDU-7, incorporates a strong
shock approximation.

In this report, the numerical method and computer code of [2] are
modified to accept any equation of state in functional form involving
pressure, density, and specific internal energy. A technique for handling
the reflection of the inward traveling shock from the center of the sphere
is also included.

In the first section, the governing equations and their corresponding
characteristic equations are presented followed by the shock equations.

In the second section the general numerical procedures as well as

details concerning the calculation of certain particular points are describ-

ed.

In the third section, singularities which are inherent to the blast
wave problem are described first. The solution for these singularities
then follows.

. e e i e e e e L A Al Mg i i e s s
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In the fourth and fifth sections two example problems are solved
and compared to the solutions obtained from existing computer codes and
to experimental results. The first problem is an expansion of a high
pressure sphere with an ideal gas as the medium. The results are compared
to those obtained from the characteristic code MCDU-7, which is restricted
to an ideal gas medium. The second calculation is for the explosion of a
spherical charge 50/50 Pentolite (50% PETN-50% TNT). The solution is
compared to those obtained by; a. the Brinkley-Kirkwood theory [3],
b. another computer code [4], and c. experimental data [5].

In the sixth section some conclusions which are drawn with regard to
these comparisons are presented.

Appendices T and IT contain an input-output description and code
listing respectively.

e e
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I.  GOVERNING EQUATIONS

The governing equations for one-dimensional unsteady motion of an

inviscid fluid are:

conservation of mass,

ap u

3t TP 3T

conservation of momentum,

P 3t
and conservation of energy

ok 3E 3p
it T VAT ( * g
where r is the Fulerian space coordinate t is
velocity; p is the density; p is the pressure;
ternal energy. In these equations,

a_u.+ puigi-%%:ﬂ

(1)

sl k=]
i}
o

(2)

= 0 (3)

time; u is the particle
and F is the specific in-

N is a constant, with values 1, 2, and
3, corresponding to plane, cylindrical and sphemcal waves,

re spect 1ve1y

Since most equations of state are given as a relation between p, o and E,
we shall use this form for the equation of state in our calculations.

Equations (1), (2), and (3) are a set of first order, nonlinear,

hyperbolic partial differential equations. Their characteristi: directions
and equations are
along

(al,tx_%:ud-c S1;2—4'(111'*'(N-l)%—c— = (4)
along

g%ﬂj-c _R du - (N-1) 2 dt = 0 (5)
along

dr _ .. D -

af'-c dF*Ede—O (6)
where the quantity c is defined as

- @ L Gp, (")

When shocks appear in the flow field, the material properties p, E, n
and u are discontinuous and the above mentioned partial differential equations

are no longer adequate to describe the motion.

necessary to govern the propagation of these shock waves.

are

A new set of equations is
These equations



4 o, (U-u)) = py (U-u)) (8)
Po7Py = 71 (U‘Ul) (Uz"ul) (9)
; 1 1 1 _

Ey-Ep + 7 (pp*py) ( o5 5—1—) =0 (10)
where U is the shock velocity, and the subscripts 1 and 2 refer to the states
ahead of and behind the shock front, respectively.

i IT. METHOD OF CALCULATION
g The numerical scheme used in this code is the constant time scheme uti-

lizing the method of characteristics introduced by Hartree [6]. This scheme
k has been applied by Huang and Chou [2] for the calculation of expanding high
b pressure spheres and by Chen and Chou [1] for the calculation of wave propa-

gation due to intensive in-depth energy deposition in a two-layered plate.

They showed that this scheme is accurate, and can be easily adapted to
computer calculations.

¢

%

E Although the governing equations used in the present code are different

i from those used in [1], the calculation procedures for the initiation of a

i second shock and determining the properties at a regular point in the

F physical plane are the same, The starting singularity is treated "exactly"
by first solving for the properties across the rarefaction wave and then

E solving for the properties across the shock wave while matching the pressure

¢ and particle velocity at the interface (contact line). The procedures used

are quite similar to those found in [2], thus the details will not be reneat-
ed here.

The arrangement of this code is quite different from previous ones.

This code consists of a main control program and calculation subroutines.

Fach subroutine is designed to perform a specified function. These subroutines

may be classified into two groups: invariant and user specified. The invar-

. iant subroutines need never be changed regardless of the physical problem

4 or materials used. For example, the subroutines for calculating the proper-

ties at different types of points in the physical plane are common for all

{ physical problems and materials. The subroutines that must be changed under
different situations are called user specified. Fach of the major subroutines
and its function will be spelled out as follows:

A, Invariant Subroutines

General point subroutine (Fig. 1): Given all propertie:z at the
three points, I1, I2 and 13 along a constant time line, this
subroutine calculates all prcperties at the point 4 on the

B
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next time line by using the three characteristics I, 11,

and III.
4A 4B
I Inprr I1
T 3 1 12 13 14
Figure 1. General Point Figure 2. Interface Point

Interface (contact line) subroutine (Fig. 2): Given all proper-
ties at the interface points 12, I3 and the neighboring points
I1 and 14 all on a constant time line, this subroutine
calculates the new interface points 4A, 4R on the next time
line, matching particle velocity and pressure at hoth noints.

Rarefaction wave subroutine (Fig. 3): At the initial startine
singularity or when a shock reaches a free surface and re-
flects, a rarefaction wave occurs. This subroutine calculates
the properties across the rarefaction wave along a constant
time line provided that the pressure behind the wave and all
properties in front of the wave are given. A paramcter must
be specified to control the number of subdivisions that each
rarefaction wave will be hroken down into. Rv increasing the
nunber of subdivisions we can obtain solutions as accurate as
we wish.

RAREFACT TN

S

PRI SURFACE =~ x

SHOCK

Figure 3. Shock Reflection From a Free Surface



Shock equation subroutine: The properties behind and in front of
a shock must satisfy the shock equations. This subroutine
calculates all properties behind a shock given all properties
in front of the wave and one property behind the wave.

Raiatir s SRR Akt

Shock front subroutine (Fig. 4): This subroutine calculates the
properties behind the shock front at point 4B, provided all
properties on the previous ccnstant time line and one condi-
tion behind the shock front is known. The known condition
behind the shock may be one of the physical variables them-
selves or may be given in the form of a characteristic equa-
tion. For the latter case, the characteristic grid is shown

in Fig. 4A and Fig. 4B for right and left traveling shocks,
respectively.

T T R R A TR SR L I e YT

AN 41

SHOCK

ol e

S G

11121314 IS 16 1
Figure 4A. Shock Front Point: Figure 4R. Shock Front Point:
Right Traveling Shock. Left Traveling Shock.

Rarefaction - Shock subroutine (Fig. 5): This subroutine solves
for the initial singularity as well as various wave inter-

4 actions. It handles two possible cases. The first case

E [ happens during the initial explosion (Fig. S5A) .r during the

3 interaction of a shock wave and a rarefaction wave (Fig. 5B).

It consists of a shock traveling to the right and a rarefaction
wave traveling to the left.
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k Figure 5A. Starting Singularity Figure SB. Wave Interaction Point
K
» The second case is quite similar and has a left traveling
3 shock and a right traveling rarefaction wave as shown in
1 Figs, 5C and 5D. An iteration procedure is used to match
3
?i
t) t4
E | INT
: \
. Sy | R
3 \
; —- T o 1
5 ro
Ew * Figure 5C. Starting Singularity Figure 5D, Wave Tnteraction Point
f

the particle velocity and nressure at the interface
(contact line).

The time increment calculation subroutine: This subroutine
calculates the time increment for a new constant time line

! considering numerical stability and convergence. We have

1 adopted the Courant-Friedrichs-Lewy condition as the stabi-

£ lity criterion [7]. Tt was originally derived for a simple

§ wave equation; however, it has been used very successfully

z for more complicated sets of equations [1], [2], and [8].
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The point arrangement subroutine: After all points on a constant
time line have been completely calculated, this subroutine
rearranges the points before proceeding with the next time
line calculations. It performs the following steps:

1. Rearranges the order of points with respect to
their position.

2. Automatically adds or deletes points to maintain
a relatively constant time increment.

3. Automatically deletes those points whose particle
paths cross the shock waves.

4. Maintains a specified number of points in front of
the main shock, avoiding the calculation of points
which are nct necessary.

The shock reflection subroutine: This subroutine calculates the

properties at the singularity formed as a inward shock re-
flects from the center of symmetry. A more detailed treat-
ment of this subroutine will be given in the next section,

The center point subroutine: This subroutine calculates the pro-
perties at the singularity occurring at the center of
symmetry by the method of extrapolation.

Initial data subroutine: This subroutine assigns all properties
to all points along the first constant time line and controls
the subroutines used to solve the starting singularity.

The User Specified Subroutines

Free surface subroutine: This subroutine calculates the boundarv

point of a physical problem. It must be specified for
different boundary conditions.

Non-dimensional subroutine: For various reasons, it is beneficial
to non-dimensionalize quantities before calculation. This
subroutine must be adjusted for different forms of non-
dimensionalization.

Equation of state subroutine: This group of subroutines specifies
the equation of state and calculates several related quantities.
It consists of six subroutines; FQSTCO, FQSTEQ, EQSTR), EOSTPQ,
EQSTPR, and FEQSTPE which calculate the sound speed, c; internal
energy, E; density, p; pressure, p; and the derivatives ap/dp
and 9p/sF respectively. These subroutines must all he changed
for different equations of state. Any functional or tabular
relation among the density, specific internal energy and pressure
could be used as the equation of state in this code.
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ITT. SINGULARITIES

In either the expansion of a spherical compressed gas or an explosion,
certain mathematical singularities must be solved htefore the general numer-
ical calculations can bhegin. If we start calculation from the instant at
which the detonation wave reaches the explosive charge surface or at the
moment the highly compressed gas is released, a discontinuity of properties
exists (the so-called starting singularity). We solve for this singularity
by using regular characteristic methods as in [2].

At the center of symmetry, the particle velocity and radius are hoth
zero. It can be seen from the equation of continuity (1) or from the
characteristic equations (4) and (5) that the term u/r becomes uncertain at
this point. This teim is approximated by the derivative »u/sr which is then
extrapolated from the neighboring points.

In an explosion of a spherical charge there is a shock traveling to-
wards the center of the sphere in addition to a primary strong shock propa-
gating outward. This inward shock is usually referred to as the second
shock. The existence of this second shock has been predicted by theorv [9],
and by mumerical calculations [10], [11], and [12]. Tt begins as a very
weak compressive discontinuity which builds up as it travels toward the
center, the point of symmetry. This inward traveling shock wave will have
infinite strength (becomes singular) as it collapses on the center.

The hehavior of the shock near the singular point has been analytically

studied by many authors. In [13] and [14] it has been shown that the relations

between the change in Mach number, M, of the shock wave and a small change
in the cross-sectional area, A, of the adjacent particles is given by the
formula

)
SA _ . M M (11)
A M® - 1) KM

where K(M) is a slowly varying function which starts at 0.5 for a weak
shock, M=1, and tends to 0.394 as M > « (for y=1.4). Considering a npoint
at a specified distance from the center of symmetry, cquation (11) shows
that the Mach number will be the same regardless of whether the shock is
approaching or reflecting from the center. The Mach number is defined to
be the ratio of current shock speed to the sound speed of the undisturbed
medium. The sound speed of the undisturbed medium is the same for both
reflecting and converging shocks. Therefore, the shock velocity of both
the reflected and converging shock waves at any arbitrarily short distance
from the center should have the same magnitude but be opposite in sign.
Using this conclusion, we next present a brief description of the treat-
ment of the shock reflection as used in this code.
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Let us assume that the numerical solutions have been calculated up
to a time t; (see Fig. 6), the time just before the shock collapses on
the center. Fxamining Fig. 6 we can see that the converging shock inter-
sects time line t=t;, at r=r;. Because r; is small, we assume that the
shock will travel the short distance between r; and the center with
constant speed. Therefore, the location

REFLECTED S'0CK
ty
-
—

1
N INCIDENT SHOCK

S
N
Figure 6. Shock Reflecting From Center of
Cylinder or Sphere

and the velocity of the reflected shock is known assuming that the Mach
number of the reflected shock is the same as the incident shock. The
properties across the reflected shock can be calculated using the shock
subroutine and assuming that the shock velocity is known. After solving
for this singular point, the solutions of all other points can he calcu-
lated as before.

10
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IV. A SAMPLE PROBLEM INVOLVING THE SUDDEN RELFASY: OF A HIGHLY COMPRESSED

AIR SPHERE

To check the accuracy of this code, the problem solved in [2] is
solved by the present code and the results compared. This problem in-
volves the sudden release of a high pressure ideal gas sphere. Before
releasing, the properties in the sphere are assumed to be constant with
pressure (P/Pa) and density (p/p,) ratios with respect to the surround-
ing condition of 100 and 1.16, respectively. The specific heat ratio is
assuned to be a constant, y=1.4, for both media.

This same problem has been solved by the present code and the results
have been compared to the ones obtained from MCDU-7, [2]. In Fig. 7, a
comparison of the physical plane produced by both codes is presented.
The coordinates t and A are the dimensionless coordinates for the time
and radial distance from the center, respectively.

where C, is the constant speed of sound outside the wave one;

£ = [ET/(lePa)]l/3 is length expressing energy and pressure scaling; Fr
is initial total energy released; and P, is the constant pressure outside
the wave zone. For this sample problem with the initial radius of the
compressed gas of 1ft (0.3048 m), the above mentioned gquantities are

Cq = 1116.7 ft/sec (340.37 m/sec)

Pq = 14.7 psi (1.013 x 10° N/m°)

0, = 0.07652 1b/ft® (1.226 ky/m’)
FT = 2.19 x 10° ft-1b (2.97 x 10° J)

The higher shock velocities produced by MCDU-7 at earlier times de-
monstrates the effect of the strong shock assumption used in this code.
The larpe discrepancy between the results of both codes for the inward
traveling shock is attributed to this strong shock assumption. Initi-
ally, the inward traveling shock is much weaker than the outward travel-
ing shock; therefore, the strong shock assumption will result in larger
errors for the inward shock as can bhe easily seen in Fig. 8. The
solid line represents the results calculated by the current code and the
dotted line those from MCDU-7. The coordinate n is the dimensionless
pressure P/P,. It can be seen that the strength of the inward shock, S,

11
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is building while the strength of the main shock, S;, is decaying as time
increases. Between the two shocks, there is an interface where a discon-
tinuity in the slope of the curve occurs. Just after r=0,075, the inward
shock reaches the center, reflects, and propagates outward as shown in

the curve for =0.086. This figure also shows that at times prior to reach-
ing the center, the wave predicted by MCMI-7 is faster than that predicted
by the present code. Again, explanation can be traced to the fact that the
initial pressure ratio of 100 is not high enough to justify using the
strong shock approximation.

Because MCDU-7 cannot handle the singularity at the point where tho in-

ward shock reaches the center, there is no comparison of results after this
time.

V. A SAMPLIT PROBLIM INVOLVING A BLAST WAVE RESULTING FROM THI: DETONATTON

OF A PENTOLITE (HARGE

The second example problem calculated by this code is a hlast wave in
air produced by the detonation of a spherical charce of Pentolite. The
blast calculations are started at the instant the detonation wave reaches
the surface of the spherical charge. We assume that the resulting gaseous
products of the detonation have reached a fixed corposition as we start the
calculation.

The Abel equation of state [14] is used for the explosive products

NRTop

1 -an»

(13

where T is temperature, R is the universal gas constant, N is the number of
moles of gas per unit mass and a is the '"co-volume' of the gases. For this
problem, the gaseous products of the solid explosive will be characterized
by an ideal gas equation of state (ea. 12 with a=0). The equation of state
can be written in the familiar form p = Ip(y-1). The constant specific
heat ratio of the explosive gas, y,, is calculated from the properties at f
the detonation wave front at the instant it reaches the charge surface. The

value of vy, used in this problem is 2.485. The medium surrounding the

explosion is assumed to be air obeying an ideal gas equation of state with a }
constant specific heat ratio, v,, of 1.4.

The data concerning the conditions when the detonation wave front rcaches |
the charge surface are obtained from [5]. The properties of the surrounding . [
air_are taken as standard condition at sea level, i.c., py = 1 atm (1.013 x 10° :
N/m?), pq = 1.293 x 1073 gm/am® (1.293 kg/m?).
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For convenience, we non-dimensionlize all variables before calcula-
tion. The dimensionless variables used for this exanple are listed as

follows:

A A =l "

Q"S—" p"pczs T T2 T—}—,
0 00 0 0

tc

5 _ - - (o}

4 S e e G R EE
0 o} )

A1l variables with a '"bar'' on the top represent dimensionless quantities.
- The reference quantities used are Ro = 2.58841 x 105 atm (2.6227 x 1010
| N/m?), and pg = 1 gm/am® (1.0 x 103 kg /m®), Eg = 4.217 x 103 cal/gn
(1.767 x 107 J/kg) and c, = 8.0726 x 103 m/sec. The quantity rg repve-
sents the charge radius.

The wave front is shown in a physical plane plot in Fig. 9. The
i coordinates are dimensionless time, t, and radius, r. A second shock with
zero initial strength is initiated at the tail of the rarefaction wave
very early in the calculations. Although the second shock grows in strength
and propagates inward with respect to the explosive gas, the large particle
velocity of the gas causes the shock to pronagate awav fram the center when
viewed with respect to a fixed coordinate system. C(onsequently, both shocks

in Fig. 9 are propagating outward.

The relation between dimensionless velocity and the radius is presented
in Fig. 10. It can be seen that during the early stages, the peak value of
the particle velocity is high and concentrated within a very narrow region.
i This explains why in the early stages the kinetic energy is a small fraction
of the total energy. As the wave propagates, the contribution of the
' kinetic energy increases and the potential energy or internal energy de-

' creases. The two discontinuities in the velocity profile in Fig. 10
show the location of the two shocks. It also can be seen that the second
shock propagates away from the main shock front as time increases.
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Figure 11 shows the relation betw :n dilensionless density and radius.
At any instant there are three discontinuities in the density curves. Two
of them .re discontinuities across the shock fronts, the third is a dis-
continuity across the interface.

A plot of the dimensionless pressure distribution with respect to the
radius is shown in Fig. 12. (For this figure and Fig. 13, pressure has
been non-dimensionalized with respect to atmospheric conditions, i.e.,
P=P/P,). Initially, when the detonation wave reaches the charge surface,
the pressure is very high; approximately a quarter million atmospheres.
Immediately, a shock wave foms followed by a rarefaction wave. The pressure
at the shock front drops to 720 atmospheres. In a very short time, a
compression zone appears at the tail of the rarefaction wave and another
shock forms (the so-called second shock or inward shock). Although the
strength of the second shock is growing fast and it is traveling to the
left with respect to the particle velocity in front of it, the absolute
velocity of the shock carried by the explosive pas still pronagates outward.
As time goes on, the second shock becomes stronger while the back pressure
becomes lower and it starts propagating away from the main shock front.
Fventually, the inward shock will turn toward the center in the physical
plane.

Finally, we compared our results to those obtained from an existing
code [4]}, Kirkwood-Brinklev theory [3] and experimental data [5]. From
Fig. 13, it is seen that for early times our code gives more favorable re-
sults in comparison to the experimental data than others. For the longer
time solution, our results do not compare favorably with the cxperimental
data. We obtained a pressure ratio across the main front shock which is
higher than the experimental data. This may be the results of using a
constant specific heat ratio in our calculations.

The computer code MCNU-8 has been run on both the IR 360/75 and
the Burrough B5500 computers. The first sample problem, took approximately
20 minutes on the TRM computer for all results shewn in Figs. 7 and 8 with
98 points on the first time line, The second sample problem, took 80
minutes on IBM and 400 minutes on Burrough for all data shown in Figs. 9 -
13. We assigned 368 points on the first time line fer this problem.
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Figure 13  The comparisons of pressure ratio at the main
shoek front with the results obtained by other
existing code, Brinkley-Kirkwood theory, and
experimental data.
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VI. SUMMARY AND CONCLUSTONS

A one-dimensional computer code, MCDU-8 has heen developed to study
the problem of a plane, spherical or cylindrical blast wave traveling
through an inviscid fluid. This program uses a constant time scheme in
conjunction with the method of characteristics to solve for the flow field
in regions where the properties behave continuously and uses the Rankine-
Hugoniot relations to treat shock waves. To demonstrate the capabilities
of the code, two sample problems have been calculated.

The first sample problem treats the rapid expansion of a highly
compressed (100 atmospheres) air sphere. The calculations begin when the
air is released and extend past the point where the secondary shock wave
reflects from the center of the sphere. The results of this calculation
are compared to those of a similar characteristic code, MCDU-7 [2] which
utilizes a strong shock approximation instead of the more exact Rankine-
lugoniot relations. This comparison shows that the error in peak pressure
introduced by using the strong shock approximation is between 5 and 10
percent at a distance from the center of about 2.5 times the original
radius of the compressed gas. Due to the limitations of MCDU-7, we were
not able to compare the two codes after the secondary shock reached the
center of the sphere.

The second sample problem treats the flow field produced by the
detonation of a spherical charge of Pentolite. Like the previous prohler,
the calculations begin when the detonation wave reaches the surface of
the explosive. The results of this calculation are compared to those
obtained from Kirkwood-Brinklev theory [3], experimental data (5], and a
computer code developed at BRL [4]. This comparison shows that during the
early stages of computation, MCNU-8 produces results that are in closer
agreement to the experimental data than the two other means of calculation.
It has been concluded that if one is only interested in the main shock
front, then the Kirkwood-Brinkley theory is adequate. However, if detailed
information concerning the entire flow field is of interest then, the

present code will give a more complete analvsis than other available
methods.

It is hoped that in the future we will be able to extend MCDU-8 to
include the actual detonation calculations thus handling the complete
explosion problem.
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APPENDIX I - COMPUTER (DDE DESCRIPTION

A. GENERAL DESCRIPTION OF MCDU-8

MCDU-8 is written in single precision FORTRAN IV. It is designed to
numerically solve the equations governing a spherical blast wave, by using
a constant time step iteration scheme in conjunction with the method of
characteristics.

The blast wave problem consists of a sphere of highly compressed gas
(designated region one) surrounded by another gaseous area (designated re-
gion two) which is relatively lower in pressure.

MCDU-8 input data begins with a card, termed the 'option' card, on
which the user selects the job options applicable to the type of problem
the user wishes to run. MCDU-8 is best utilized by running a problem to
completion in a series of small computer runs rather than all at once. The
option card provides an easy method for doing this. After reviewing the
output from any particular computer run, the user has three options:

1) The problem may be carried out to a larger time using
the same time step as was used in the previous run;

2) the problem may be carried out to a larger time using
a different time step or,

3) the same run may be repeated using a different time step.

The first two options give the user control over the rapidity with which
MCIU-8 calculates a solution while the third option allows the user to improve
the accuracy of any particular run.

B. INSTALLATION DEPENDENT FFATURES

MCDU-8 utilizes two data files which must be made available to the pro-
gram. The opening of data files and the devices on which they are stored, for
example, tape and disk, is a function of the job control language and the faci-
lities available at any particular installation. The user should insure that
the two files have the following characteristics:

1) The files must have the unit numbers one (1) and two (2);

2) they must have a physical record size of at least five (5) words;

3) a minimum record length of 2010 records (10,050 words) and,

4) all 1/0 is unformated and performed serially (random access is
NOT used).

C. OPTION CARD

MCDU-8 always requires at least one card of input, termed the 'option'’
card, on which the user specifies what actions the program is to take in
solving a problem. This card is always the first card of the input deck.
The six variables initialized by this card are listed in Table 1 for refer-
ence. Examples of the option card's uses are given in later sections.
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TABLIE 1 OPTION CARD VARTABLES

VARIABLE COLUMNS FORMAT DESCRIPTTON
ISTART 1-2 12

-1 (Continue the problem with card
input).

= (0 (Start a new problem with card
input).

= 1 (Continue the problem with file
one input).

= 2 (Rerun previous run with file
two input).

TPUNCH 3 i = 0 (No punched output).

= 1 (Punch out the last calculated
time line. These cards arc used
with ISTART =-1 to continue a
problem).

TDIMP 4-6 13 (Calculated time lines are periodic-
ally stored on file one for safe keep-
ing, I3 specifies how many lines are
to be calculated before a line is
dumped onto file one).

DT 7 Tl = 0 (No new time step).
= 1 (New time step is to be specificd
in columns 8 through 22).
2 8-22 Rl 5o8 (New time step to he used if 1D0=1).
T™AX 23-37 F15.8 (Problem time to which M(DII-8 is to

calculate a solution).
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D. DEFINING A NEW PROBLEM

Figure 14 illustrates the cards needed to define a new problem.
Besides the option card, six additional input cards are required.

The first card in Fig. 14 is the option card. A new problem is
signaled by setting ISTART=0. IPUNCH has been set equal to one. lpon
completion of a computer run, the final time line will be punched out.
The user need only include an option card at the beginning of these
punched cards with ISTART=-1 in order to continue a run. IDUMP has a
value of three, thus every third time line calculated will be dumped
onto file one. When an option card is encountered with ISTART=1, the
last time line dumped onto file one will be read and used to continue a
problem.

When a problem is first defined, a singularity exists at the inter-
face between regions one and two because of the difference in pressure.
MCDU-8 has the ability to pick its own time step. The user may specify
a time step by setting IDT=1 and placing the time step in colums 8
through 22. Accidently specifying too large a time step may cause
serious difficulties with the program logic. As in example 2 , it is
usually good policy to let MCDU-8 calculate the time step and to run
the problem out several time lines until the rarefaction wave occurring
at the singularity becomes ''smeared" through out region one. This is
done by setting IDT=0. Notice that T™AX has been set equal to fifty
microseconds.

Card two contains the initial time step to be used to calculate the
properties about the singularity. This consists of a shock travelling
into the region two and a rarefaction wave with velocity towards the
center of region one. For good results, a time step should be chosen so
that after the calculation of the initial singularity about the interface,
the head of the rarefaction wave has traveled approximately three percent
or less of the distance from the interface to the center of region one.

In this region, the shock strength is assumed constant and properties
remain constant along characteristic directions. Following these assump-
tions, the code assigns mesh points at locations where the characteristics
eminating from the singularity cross the first time line. The code then
uses stability criterion to determine the time increment to the next time
line. Format is E15.8.

Card three supplies the specific heat ratios (GAMMA) of the two
regions. In the example given, these values are both 1.4. Fommat is
2E15.8.

Card four lists the dimensions of the data supplied to the program.
This is only a programming convenience for the user and will label the
output for documentation purposes. If this card is left blank, no labeling
will result.(see Table 2).
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TABLE 2 - CARD 4 - OUTPUT LABEL

UANTITY EXAMPLE COLUMNS
Time Seconds 1-10
Particle Velocity Ft/Sec 11-20
Sound Speed Ft/Sec 21-30
Pressure Lb/Ft*#*2 31-40
Mass Density Slug/Ft**3 41-5¢C
Specific Energy Ft-Lb/Slug 51-60
Length Ft 61-70

Card five defines the physical properties or regiun one: pressure
(PI1), particle velocity (UIl) and density (RHI1). In the example of
Fig. 14, pressure is equal to 2.1168 10° 1b/ft?, particle velocity is
zero, and density is 2.7739 103 slugs/ft3. Format is 3F15.8.

Card six contains the physical groperties of region two. Pressure
(PI2) in Fig. 14 is 2.1168 103 1b/ft?, particle velocity (UI2) is zero,
and density (RHI2) is 2.3913 10-3 slugs/ft3. Format is 3F15.8.

Card seven contains three values. The first value supplied on this
card, (IN), specifies the number of subdivisions the initial rarefaction
wave is to be divided into for calculation purposes. In the example of
Fig. 14, IN is set equal to nine. Ideally, the distribution of pressures
from the first point in the rarefaction wave to the last point should be
smooth and free from large jumps. Only experience can determine what
value of IN will give a reasonable solution to a problem. Theoretically,
we can make the solution as accurate as we wish by choosing large values
of IN. Practically, IN should never exceed twenty-nine as MCDU-8 can
only handle up to this many subdivisions without enlarging the storage
allocation. Format is I2.

The second value supplied on this card, (XZ), is the initial radius
of the sphere. Fommat E15.8.

The third value supplied on this card is the pressure jump toler-
ance, (PTOL). PIOL specifies what fractional percent pressure rise per
unit distance must be present between two points before a shock wave will
be initiated. MCDU-8 has the capability to initiate one left traveling
shock wave, In Fig. 14, this has a value of 4 which is equivalent to a
4000 percent pressure jump per foot. This value appears to yield satis-
factory results for this problem. This value may need to be adjusted to
suit a particular problem. Format is E15.8.
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E. RESTARTING FROM FILE ONE

The IDUMP variable on the option card specifies how many time lines
arc to be calculated between dumps on file one. If IDUMP is set equal
to zero, no time lines will be dumped. Each new time line dumped on file
one replaces the previous one. If after a run, the user decides to carry
calculations out to 2 greater time, the user need only to read in an op-
tion card with ISTART:1. The last line dumped will be read off of file
one and calculations will proceed from there.

By setting IDT=1, the user may also change the time step by supplying
the new time step in colums eight through twenty-two on the option card.
In the example of Fig. 15, a restart fro file one has been called for
(ISTART=1), no punched output is requested (IPUN(H=0), every time line will
be dumped (IDUMP=1), a new time step is called for (IDT=1, DT2=1.0 10-°
seconds), and the problem will be calculated out to a time of 100 micro-
seconds (TMAX: 100.0 10-® seconds).

An added feature of the file one restart is if a job terminates ah-
normally (such as running out of computer time) and the program was not
executing I/0 with file one (causing parts of two different time lines to
he saved) the user may restart the problem as explained above and MCDU-8
will proceed from the point of termination.

F. RESTARTING FROM FILE TWO

Whenever a new job is begun, the very first time line calcuiated is
dumped onto file two. A user may repeat the same run over as many times
as desired by simply reading in an option card with ISTART=2. (See Fig. 16)
by changing the time step and comparing the results with earlier runs, the
convergence of the problem to an accurate solution can be checked. In the
example of Fig. 16, the time step has been set to one-half microsecond.

Remember that whenever a new run is started, the first time line of
the run replaces the first time line of the old runm.

G. RESTARTING FROM PUNCHED OUTPUT

If several problems must be run on MCDU-i concurrently, it becomes
impractical to provide disk or tape restart capabilities for every problem.
MCDU-8 can remember time lines for only one problem at a time. By setting
IPUNCH=1 on the option card, the last time line calculated at the end of a
run will be punched out. One need only place an option card with ISTART=1]
at the beginning of this punched output deck, being careful to preserve the
order of the cards, in order to continue calculations from the end of the
previous run of that problem. All of the other features of the option card
are still available to the user of MCIU-8. (See Fig. 17).
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H.  SAMPLE OUTPUT

Figures 18 thru 23 present samnle output for MCNU-8.
i1s completely labeled and should be self explanatory.
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- MAIN PROGRAM FUR BLAST WAVE.

FILF 1sBLASTA/ME?2367»UNITeDISKsBLOCKING=30sRECURDSS
FILF 2sBLASTR/MEZ367sUNITsDISKsBLOCKINGS30,RECORDSS

COMMON/GAIN/ Q(2+,1000)*X(2,1000),U(2+1000)+C(2+1000)sKH(251
1000), E(2,1000)sP(291000)
COMMON/TIMUUZ DTs UULs UU2s TexMU
COMMON/NOCON/ 1S1» 1S2¢ 153 1S4s INT1,s INT2, IMAX
COMMON /ZINIT/ PILsUT1oRHILWEILSCI19QI1,PI2,UI2,RHI?,EIZ2HCI?
isQ]2
COMMON / REFE / TREF,T
COMMON/DTTS/ DTT
COMMON/NDIM/TTHTTMAX, XXZ2 0 TMAX
COMMON/SHKI/ EP
COMMON/GAM/GAMM(2)
COMMON/CON/TCUNSDT2,PTUL
COMMUN/NNEWW/KSHOCK»KTEL G, IDT
901 FORMAT(ISs3E1548)
9n2 FORMAT(LIH »A0(/s" "7 ("a")y6("MCDUB,OLD PROBLEM ™)s7("e™)))
903 FORMATCLH »60C/s™ "o 7("a")s6("MCDUBJNEW PROBLEM ™),7("e¢™)))
904 FORMAT(IH1»"LAST TIME “INE WILL BE PUNCMED®™)
905 FORMAT(SE15,8)
906 FORMAT(1615)
907 FORMAT(1HO»"NON=DIMENSLIONAL INPUT DATA™/

CIH »™(T)TIME OF THE INLTIAL TIME LINE "y 1PELS B/
C1H »"™(DT)TIME INCREMENT 70 THE FIRST TIME LINE "y 1PELS 8/
C1H +"(TMAX)MAXIMUM RUN TIME ",1PE15.8)

908 FORMAT(1HOs"GUAMMA FOR NEGION ONE ™»1PE15.8/

. ClH »"™GAMMA FUK KEGION w0 "s1PE15.48)

909 FORMAT(IHO»"(UULILEFT TRAVELING SHOCK VELDCITY "™,1PEL1SH/
C1H »"(UU2)RIGHT TRAVELING SHOCK VELOCITY ",1PE1S5,.8)

910 FORMAT(TS57,14»T1,I5,E£12,8)

911 FORMAT(IH »T57,14sT1,15,E15.8)

913 FORMAT(1IH1»"PROPERTIES OF THE INITIAL TIME LINE"/
CIHOS™POINT NOo ™ s7XamXm 14X smUM,14Xs"CmslaXs™P"13Xs"RH",
l4x,"gE")

914 FORMAT(IH »3Xelds3Xs6(lPELS.8))

927 FORMAT(1H1+»6(™ MCOUB.TIME LINE™s14)/
sl S"TIME OF THIS LINE ", 1PE1S5,8/

ClH »"TIME INCREMENT TO PREVIOQUS TIME LINE ",I1PE1S5,.8/
CIH »"LINE REGION POINT o ZXam™X™slaXs™Um,14X,"CMp14Xs"P 14X,
I7RH",  13X»"E")

928 FORMAT(1H1»"LINE REGION POINT™s7Xs"X"s14XsUm 14X "C"sllx,"
1Pn, 13IXs"RHM 14X "E™)

929 FORMAT(1H s"THE NEXT TW(Q POINTS DEFINE THE LEFT TRAVELING S
1HOCK™)

930 FORMAT(IH »"THE NEXT TWQ POINTS DEFINE THE INTERFACE")

931 FORMAT(IH »"THE NEXT TWQ POINTS DEFINE THE RIGHT TRAVELING
1SHOCK™)

932 FORMAT(IH »14s1Xs1601X°15,6(1PEL1548))

933 FORMAT(1H1»60(/»12(" ENDJMCDUB™)))
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934 FORMAT(1H1,"PUNCHED QUTPUT OF THE LAST TIME LINE"™)
915 FORMAT(TS?»14sT1,3E1%,8)
936 FORMAT(TST»14,T1H71I%)
938 FORMAT(™ THIS CARD TO CONTAIN ISTARTSIPUNCH» IDUMP,IDTsNTH»TM
1Ax")
939 FORMATCIH »T57+140T72,3E15,8)
940 FORMAT(LIH #T57s14sT2,715)
941 FURMAT(///71H s10Xa"TIME(T)IMo2Xs™ 2", 30Xs"e",2Xs"INTERFACE™/
CIH 518X meaa™y28Xs"een"™,
(S(/s1H 219X,"*",30Xs"e™)/
C1H »19X,"+ REGION 1", !52,%« REGION 2",
CaC/otH 19X ma"30X,"e")/
CIH 19X, a", 30X, "a", 29K, e/
C1H »19X,63("e")s™ DISTANCE FROM THE CENTER POINT (Xx)%/
ClH 280X, ne%////
(1HO»"TITLE ABBREVIATIONS"/
(1HO»"X =DISTANCE FROM THE CENTER POINT®/
(1H »"U =PARTICLE VELOCLTY"/
(1H »"C =SOUND SPEED"™/
(1H +"P «PRESSURE"™/
(1H s"RH=MATERIAL DENSITYy"/
ClH s"E «SPECIFIC ENERGY™)
942 FURMAT(1HOs™(UU2)RIGHT SHOCK VELOCITY *,1PE15.8)
943 FORMAT(I2,11+13s1142E15,8)
944 FORMAT(IH s"(UUL)LEFT SHOCK VELOCITY"»1PELS.8)
946 FORMAT(////1H »"(CISTAR!) "413/1H »
("(IPUNCH) "»13/1H »
("(IDUMP ) ", 13/1H
(rclpT ) ", 13/1H
("¢oT ) ",1PEL1S.B/1H
("(TMAX ) ",1PE1548)
TKREF = 10,
XMU = 3.
IREF = 1
I =1
L=l
KDUMP=Q
READ 943, ISTARTs IPUNCH* IDUMPSIDT,DT2sTMAX
IFCISTARTALT1)6GOTO 1
PRINT 902
PRINT 941
PRINT 946, ISTART s IPUNCN,IDUMP,IDTsDT2s TMAX
CALL READOCISTART)
CALL DUMP(2) .
GO TO 8054
1 CONTINUE
IFCISTARTCLT40)GO TO 2
PRINT 903
PRINT 941
PRINT 9465 ISTART»IPUNCH,IDUMP,IDT»DT2, TMAX

PR
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Isisy

[s2=4

CaLL INIDAT

KTELGs]

KSHUCKs]

CaLL DUMP(2)

6o TO 8053

CONTINUE

PRINT 902

PRINT Q41

PRINT 946, 1START»IPUNCHs IDUMP»IDT,DT2,TMAX
READ 905,TsDT»TCON
TMAX=TMAX/TCUN
IFCIDTWEQ.1)DT=DT2/TCON

READ 905,GAMM(1)»GAMM(Z)

READ 90S5,UuUls,UU2

READ 906,18191525183,134»1MAX
READ 9065 INTLIH»INT2,KTELGsKSHIOCK
PRINT 907,T,0T,»TMAX

PRINT 908,GAMM(1)sGAMMLD)

PRINT 909,uul,uu?

PRINT 913

00 3 Jsmi,[MAX

REAU 908, X(1,J)»2UCl,aJ)eC(1,sd)
READ 905,P(15J)sRH(I,J,E(10J)
Q(irJ)=0,0

PRINT 914,JeXC1od)sUC120)0C(10J)sP(1sJ)sRH(LsI)ptECLHY)
CONTINUF

READ 901,1,PTOL

CALL DUMP(2)

CONTINUE

TNEWsDT

CUNTINUE

IF(KSHUCK.EQe1)ud TO 8Y
IF(UUL4GT.0,0)GU TN A0
FFCISIoLEeI URWUT2UUL4ACL1,IS1) el TaX(1+3))60 TU 8
CUNTINUE

CaLL PTARNG

ag TO 6

CONTINUE

EP = 0401

CalLL REFLSK(1)

IREF = 2

TREF = 7

T = T ¢+ DT

CALL SHFPT(2,153°251S371s153s1545154+1,154+2,UU2)
@ YO 12

CONTINUE

TaT+DT

TNEwWw = 07
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! TEP = Te,215
IF(KSHOCKF@s2) GO TO 6901
1S2P2=?

DD 6500 usms1,INT1=2

c

o

C

C PRESSURE SLOPE TEST
TESTS(P(1sJel)=P(Lod))/(P(1aJd)2(X(1oJel)=X(1sJ)))

g IFCTESTLLTWPTULIGO TO ©500

c

G

G

IFCCUCLsU)=CClad))elE o UCLIJel)=C(1sJ+1)))G0O TO 6500

Isi=sy
PRINT £502,1[51
6502 FORMAT(IH »™A SHOCK wIkL BE INSERTED AT PUINT NUMBER "»15)
[s2=1S51+1
CALL SWITCHC(ISI+1s1,51,2)
INTI=INT11
INT2s[NT2+1
1S3x]S3e1
IS4=[S544]
EPs, 1o(P(1,1S5142)°P(121S1))/P(1,1S1)
CALL SHOKIN(3»25151S1)
KSHUCK=?
G TO 6501
6500 CONTINUE
6501 CONTINUE
IF(KSHOCKsEQs1) GO TO 6504
CALL SHFPT(1s1S1=2s1S1°151S1,182,152¢1,]152+2,UU1)
IF(P(2s15S2)4LECP(2»1S1))KSHOCK=]
LF(KSHOCKEQe2) GO TO 4001
PRINT 6503
6503 FORMAT(1H s"DUE TU DECAY IN PRESSURESTHE INSERTED SHOCK HAS
1 BEEN REMUVEU™)
CALL SWITCH(IS2¢1s=1,192)
INT1=2INTL=]
INT2m[NT2=1
1§3s]53e]
ISd=]S4ye]
ISi=y
1S2=4
4001 CONTINUE
ISiM2 = JS51 = 2
Dy 10 K = 2, IS1M2
10 CALL GNPT(1, K=1» Ko K*1» 3)
IFCUULl ,GEs O4) K@ = 2
IFCUULl (LTs O0s) K@ = 3
i KQ = J
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CALL GNPT(t, IS1=2, ISi=1, IS1s KQ)
12 TFCIS2 « 1 LEQs INT1) G0 TO 21
IF(UUL (GEs U4) KQ = 3
LF(UUL LT, 0.) KO = 1
KQ = 3
IF(KSHOCKsEQsl) CALL GNPT(151S1=1,1S51,151¢1,3)
CALL GNPT(1, [S2s IS2+1, 1S2+2» K@)
15 CONTINUE
Is2P2 = [S2 + 2
6504 CONTINUE
INTIML = INTL = 1
IFCIS2P2 +GTe INTIM1 ) GO 7O 21
00 20 K = [S2P2, INTIMI
20 CALL GNPT(1, K=ls K» K*1s 3)
21 CALL INTFPT(CINTI=1s IN!1s INT2s INT2¢1)
1S3M2 = [53 = 2
INT2P1 = INTR + 1
IF CINT2P1 ,GT, IS3M?2 J GO TO 32
VO 30 K = INT2P1ls IS3IMZ
30 CALL GNPT (2sK=lsKsrKel+3)
b LFQUU2 (GEs 04) KO = 2
IFQUU2 LTs 0s) Ku = 3
b Ko = 3
: 32 CALL GuNPT(2, 1S83=2, 1S3=1, IS3» KQ)
: IF ( UU2 GFe O ) KQ = 3
IF C UU2 oLTs 00 ) K@ = 1
CALL SHFPT(2,153%2,153=1,153s1S54s154¢1,154¢2,0U2)
KQ = 3
CALL GNPT (2+1S4s1S4¢1°1S4+2,KQ)
( [S4P2 = IS4 + ?
IMAXML = [MAX = |
DO 40 K = [S4P2, IMAXMI
40 Cal.L GNPYT(2, K=1s Ks K*1s 3)
| LF(T +EQs TREF) GU TO 42
CALL CENTPT(l» 1, 2, 32
42 CONTINUE
Cal.L ADDPTS(2)
I = 1 + 1
ve 45 J
X(is J)
P J) P(2s J)
Uclis J) Uezg» J)
RHCLs J) 3 RH(Z2» J)
ECls J) = E(20 J)
C(ls J) 8 C(d» J)
U(Zl J) = 00
45 QCly y) = Q(2s J)
8053 CONTINUE
TEMP=UT
IFCTLEQ 1) TEMP=T

oy St ot

spaisioh

1, IMAX
X(2s J)
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KDUMPEKDUMP e
IF(KOUMPNE,IDUMP)GO TUYU 120
CaLlL DUMP(}Y)
KDUMP=0
120 CONTINUE
PRINT 927s1,1s101s1s1sToTEMP
KCUUNT=Q
D0 950 Jsi,IMAX
KCOUNTaKCOUNT+1
[1=]
IFCJeGEINT2) =2
IFCJoebQsIS1 ANDIKSHOCK*EQL2 ) PRINT 929
[FCJEQ,INTL1)IPRINT 930
IF(JIEQ,ISIIPRINT 931
PRINT 93251011 0dsX(1addsUC1sJ)sCCLlod)sP(10J)sRH(15J)sE(LHJ)
IF(XKCUUNT«NE+55)G0 TO Y%0
KCOUNT=Q
. PRINT 928
2 950 CONTINUE
- PRINT 942,002
IF(KSHOCK.EQs1) GO TO 945
PRINT 944sUUL
944 CONTINUE
IF(T.GT,TMAX)GO TO S0
IFC(I+EQ,1)G0 TO 8054
GO TO0 S
50 CONTINUE
IFCIPUNCH.EQ4s0)GU TO 961
985 CONTINUE
1I=]
PRINT 934
Isl
] PUNCH 938
¢ PRINT 938
I=s2
: PUNCH 935,1,T»DTH»TCON
A PRINT 939»1,T4DTH»TCON
' I=3
¥ PUNCH 935,1,8AMM(1)sGAMM(2)
¢ . PRINT 939,1,GAMM(1),GAMM(2)
: ’ £}

oo

é PUNCH 93%5,1,UU10UU2

: PRINT 939,1,UU1,UU2

4 ’ [a5

iy PUNCH 9360151515152, 183,158sIMAX

f. ! PRINT 9404 1,8S1s1525 15351580 IMAX

! In6

E | PUNCH 9361, INT1,INT2,KTELG»KSHOCK
4 PRINT 940s1,INT1»INT2,KTELGsKSHOCK
o D0 960 Jum1,IMAX
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Y500

Is]lel

PUNCH 935, 1,X(2,J)sU(22J)sC(2,J)
PRINT 93951,X(20J)sU(22J)sC(20J)
Islel

PUNCH 93SsI1,P(2sJ)sRM(E1JIIE(2sJ)
PRINT 9395s1,P(2sJ)sRH(ZsJ)r»E(2sJ)
CONTINUE

luletl

PUNCH 910, I,11,PTUL

PRINT Q911,1,11,PTUL

CONTINUE

PRINT 933

CONTINUE

STOUP

END

SUBRUOUTINE DUMP(N)
COMMON/GAIN/Q(251000)sX(2s1000)5U(251000)sC(201000)sRH(2+10
100) sE(251000)sP(2,1000)
COMMUON/REFL/TREF,T
COMMUN/TIMUU/ZDTIUUL UUC 1o XMU
COMMUN/NOCON/TIS1s1S24153, 1S4, INTISINT2,MAX
COMMON/NDEIM/TTHTTMAX s XX25 TMAX
COMMON/GAM/GAMM(2)
COMMUN/CON/TCUNSDT2
COMMUN/NNEWW/KSHOCKsKTELGS IDT
REWINU N

WRITE(N)ITHSDT»TCUN
WRITE(N)YGAMM(1)sGAMM(2)
WRITE(NIUUL,UU2
WRITE(N)YISY,152,153,1S84,1IMAX
WRITECN)YINTISINT2,)KTELY,KSHOCK
VO 99500 J=1,1MAX
WRITE(NIXCLsJd)oU(Lpd)sl(l4s4)
WRITE(NIP(14J)sRH(L1,U)E(1,J)
CUNT InUE

WRITE(NYLsPTUL

REWIND N

RETURN

tND

SUHBROUTINE READU(N)
COMMON/GAIN/Q(2+1000)»%X(251000)5U(2+s1000)9C(2s1000)sRH(24+10
100) sE(2,1000)sP(2,1000)

COMMON/REFL/TREF,T

COMMUON/TIMUU/ZDToUUL sUUZ, T4 XMU
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’ COMMON/NOCON/IS10 152,153 1SasINT12INT2s IMAX
COMMON/NDIM/TToTTMAX S XXZs TMAX
COMMON/GAM/GAMM(2)

COMMON/CON/TEON»DT2,PTUL
COMMON/NNEWW/KSHOCKsKTELGS IDT
907 FORMAT(IHO»"NON=DIMENSLIONAL INPUT DATA®/

TRES T S e e gl e s T T e e

(1H s"™(T)TIME OF THE INJTIAL TIME LINE ", 1PE15,8/
C1H »"(DT)TIME INCREMENT TO THE FIRST TIME LINE ",1PE15,8/
] ClH »"(TMAX)MAXIMUM RUN TIME ",1PE15.8)

908 FORMAT(1HOs"GAMMA FOR REGION UNE ", 1PEL1548/
(1H »"GAMMA FOR REGION TwO "s1PEL5.48)
909 FORMATC1IHOs"(UULILEFT TRAVELING SHOCK VELACITY "o 1PEL1S«8/
(1H s"(UU2)KRIGHT TRAVELING SHOCK VELOCITY ",1PEL1S.8)
913 FORMAT(1H1»"PROPERTIES OF THE INITIAL TIME LINE"/
C1HOS"POINT NUOW " 07Xn"x”nIAXo"U"oIQKo"C"olaXo"P”ulJXI"RH"Ol
lax»"E")
914 FORMATCIH »3X014s3Xs6(1PELS48))
925 FORMATC1HO,"(PTUL)SHOCK PRESSURE JUMP TOLERANCE ", 1PEL1S5+8)
REWIND N
READ (N)YT»DT»TCON
TMAXsTMAX/TCUN
IFCIDTWEQ.1)DT=DT2/TCON
REAU (N)GAMMUL) s GAMM(2)
READ (N)UUL,UU2
READ (N)IS1,1S2s1S53,154s TMAX
READ (NYINT1sINT2,KTELUsKSHOCK
PRINT 907»T,DTsTMAX
PRINT 908sGAMM(1)»GAMML2)
PRINT 909s,UulsUU?
PRINT 913
DO 9500 Jsi, IMAX
READ (NIX(1,d)sUC1sd)eb (1)
HEAD (NIP(1sJ)sRH(1,JIPECL)d)
Q(l1s»J)=0,0
PRINT 914|J0X(1’J30U(1'J)nC(loJ)’P(an)nRH(loJ)-E(loJ)
9500 CONTINUE
READ (NYI»PTOL
, PRINT 925,PTUL
{ REWIND N
RETURN
END

it Lo Bl s T R A S e L

SUBROUTINE ADOPTS(L)
COMMON/GAIN/ 0(2-1000)'X(2-1000)nU(ZolOOO)oC(Z-lOOO)nRH(?-l

1000)» L(2,1000)sP(221000)
| ' COMMON/TIMUUZ DTs UULls UU2s 1o XMU
> COMMON/NOCON/ IS1s 152° 1S3s IS4s INT1» INT2, IMAX
CUMMUN/1N17/P11.011.Rnlt.Etx.c:1.ul1.P12.012.RH12.EI?.CI?.0
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101

112

COMMON/SINPT/ Pls Ul, RHI, UFs XZ» PFs IRL, IR2
COMMUN , DTTS / OTT
FORMAT(™ ADL PUINTS TU THE REGION RIGHT Tn MAIN SHOCK™)
FORMATCIH » 12, 1Xs las 3IXs 6CEL1S5¢8s 2X)o" ADDED PTS"™)
[SPECEIMAX=]
IS4Pl = IS4 « |
IMAX 8 IS4 « 10
IFCABS(DT) oLTs 0,000} ) GO TO 5
IF (1 +EQs 1) DX = DT/C12
IF(14EQel) DXmDT/C(2sLSPEC)*50,
IFCIoGEL2)DOXmUTT/C(2,ISPEC)*50,
IFC 1 oGEe 2) DX s DTT/C12
DX=2,0
DO 10 U s IS4Pl, [IMAX
X(20 J) = X(2s J=1) ¢ UX
P(2,J)8P (2, ISPEC)
U(2,J)sU(2, 1SPEC)
E(2»0)mE(2, LSPLC)
C(2,J)8C(2,LSPLC)
RH(2sJ)mRH(2» ISPEC)
Q(2,4)=2Q@(2,ISPEC)
CONTINUE
RETURN
END

FUNCTION ADT (MsN)
CUMMUN/GAIN/Z Q(251000)°%X(2+1000)sU(2+1000)sC(2,1000)sRH(2s1

1000),» £E(2,1000),P(2°1000)

COMMON /TIMUY/ DTLUULYU2,1s XMU
FORMAT (1H »"0T IS NEGATIVE™»2(5X»13))
RA 8 (0699

Ux 8 X(C1sM) = X(1sN)

AT = UX/(C(1sM) ¢+ C(1oN)) 2 240«RA

If ¢ AT JLE. Os) PRINT 101)MsN

ADT = AT

RETURN

END

SUBRUUTINE ASIGPT
TO ASIGN PTS FUR THE INITIAL LINEs» FOR MSR = 1 CASE
COMMON/GAIN/ Q(2+1000)°X(2s1000)»U(251000),C(201000)sKH(251

1000), £(2,1000)sP(221000)

COMMON/RAWAYV/ XR(30),UR(30)sCRC30)IsRHR(30),ER(30)sPR(30)sRH

1P(30)

COMMON /C1AND2/ PFL,UFLl ,RHF1,EF1sCFL1sQF 1sPF2,UF2,RHF2,EF2,C
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oo

OO0

OO0

1F2,QF2s» XF,XS
1(ZIOMMON / INIT/ PIL1oUTL1 RHINLETILSCIT1,QI1PI2sUI2,RHIZ2HETIZ2HCT
2QI2
COMMON/NOCON/ IS1» I1S2s 1S3, 1S4, INT1, INT2, IMAX
COMMON/SINPT/ PIy» UIs "HIs UFs XZs PFy, IR1, IR2
COMMON/TIMUU/Z DT» UULs, UU2, TI» XMU
COMMUN/SHKL/ EP
IRl = FIRST PT IN RAWAVES} IR2 = LAST P1 IN RAWAVE

H0O FORMAT (1IH »1XsmI"," JUs 10X X 17X s"UPS 16Xs"C"s 16X, "PY, 1
16X "RH" s16XeMEM 10X L")

801 FORMAT (1H »12,s1%014,3X,6(E154852X)»12)

B2 FORMAT (1H s9%X,"Q = "rE15,8)

810 FORMAT(» INITIAL DATA BEING READ IN AND ARRANGED IN ORDER®
1, /s " SECONND SHOCK ALSU BEEN INSERTED AT ISt ANN 1
252")

811 FORMAT(» Is1 =", I4s " 1S2 =", J4p, " 1S3 =" Ius " IS4
1zn, 14, /s " INTL am» l4, " INT2 =", 14, " IMAX =", 14)

812 FORMAT (1HO,™ END OF INITIAL DATA ARRANGEMFNT FOR RBLAST WAV
I, READY FOR STARTING CALCULATION™)

CALCULATE AVERAGE DT IN THE RAREFACTION FaN
DTl = 0.
ISHOK = 1§
IRIP = R
IR2F = [R2
IR12 = JR2 = [RI
DO S5 NaJR1,IR2
5 X(1l» N) = XR(N)
Lo 10 M=2,IR2
NaMe]
DT1l=s ADT ( MsnN) ¢ DTI
10 CONTINUE
XIR2 = JR2 = IRl
AVDT = nT1/x1IR2
CALCULATE DX AND VARIARLES BETWEEN CENTER LINE AND
RAREFACTINN wA
N1 = X(1» IR1)/Z(CI1wAVUT)
PRINT B16sIR1sIR2,DTIsAVNTHCI1oX(1sIR1)sNI
816 FORMATC /777" IR12",13,"1R22",[3,"DTI=",E£13,6s"AVDT=2",E13,6,
“Cliaw,
$ E134607 X(1sIR1)2",E13,6s"Ni3"s]4)
IRl = N1+l
IR2 = IRl ¢+ IR12
U0 15 NalR1,IR?
X(1s N) = XR( IRIP ¢ N = [R1)
P(1» N) = PR( IRIP + N = [R1)
U(l, N) s UR( IR1PeN=lRY)
PRINT B17sNsXC3IoN)sP{(12N)Y»U(C1sN)

817 FORMATCLIH s"Na®, L4, X (L yN)a",E13,6s"P(1,N)s"pEL13460"U(1>
N)=",E1346
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RH(1s» N) = RHR( [R1PenN=sIR])
E(1s» N) = ERC IRIPeN=lR1)
C(1s N) = CRC IR1PeN=IR1)
(1, N) = 0,

XNl = NI

UX = X(1»IR1)/XN1
X(1,1)=0,

IRIM1 = IR1 = 1

DO 20 N=2,IR1IM]
X(1sN)sx(1sN=1) ¢+ DX
CONTINUE

D0 29 Na1s»IRIMIL

P(lsN) = P11

U(lsN) = UIL

RH(1sN) = RHIL

L(1sN) = ET1

C(lsN) = CII

QG(laN) = QI

CONTINUE
INSERT SHOCK AT PT [IN2,
LP = U,
CALL SHUOKIN ( 1» 25 35 IR2 )
Gy Tu 27

EP =2 (P(1sIR2=1) = P(12IR2))/P(1,s1IR2) » 0.1

CALL SHOKIN(1s 1, 1, IRD)

CONTINUE

COMPUTE UX AND VARIAHBLES HETWEEN RAWAVE TAIL TUO INTFPT
N2 = (XF = XRCIR2P))/(CFieaAVDT)

XN2 = NP

IF (N2 JLEe 1 ) GO TO 32

DX = (XF = XK(CIK2P))/xnN?

INTLl = 1S2 ¢ N2

INT1=[R24N2
INT2 = INT1 ¢+ 1
INTIML & INTL =
[s2P1 = [S2 +
[IR2P1 = [Rr? + 1
KING = 1
DU 30 N = IS2P1s INTIMI
N = 1R2P1

IFCISHUK oNEe KINGY GO T 29
NMl = N = |
INSERT SHOCK AT POINT NM1,
EP = Q.
CALL SHOKIN(1s 20 35 NMY)
EP = 0.001

CONTINUF
X(1sN) a2 X(1oN=1) ¢ DX
P(ls N) = PF1

52



TR e NSO g. Sl U L e R
T T T vyt i, Z0MPrear P SRGVATE (R o BT T | L T R

R e ot

j UCls N) = UF}
KH(1» N) = RMWF 1
Ecls W) s EFI
C(ls» N) = CF}
Q(ls N) = QF1
KING = KING ¢ 1
1F(N EQ. INTIML) GO TJ 30
Ns N+ |
Go TOD 28
30 CONTINUE
Go T0O 35
32 INTl = 1S2 ¢ 1
INT2 = INT1 ¢ |
C COMPUTE DX AND VARIARLES BETWEEN INTFPT AND SHOCKFPTY
| 395 CONTINUE
X(1»oINTY) = XF
P(1»INT1) = PFi
U(lsINT1) s UFI
RH(1sINT1) s RHFL
ECL,INTY) = EFY
C(lsINT1) = CFI
QULlsINT1) = aF1i
X(12INT2) = 1 42
P(1sINT2)= PF2
U(lsINT2) = VF2
RHC1oINT2) = RHF2
E(1sINT2 ) = EF2
CclsINT2) = CF2
l Q(1+INT2) = QF2
| N3 2 (XS =XF) /(CF2+AVVT)
' XN3 ® N3
IF (NJeLEs 1) GU T0 42
Ox = (XS = xF)/XN3
Is3 = INT2 « N3
Is4 = 1S3 ¢+ 1
INTZP1 = INT2 ¢ 1
Is3Ml = IS3 = 1
00 40 N=INT2P1,1S3M1
/ X(1sN ) ® X(1sN=1) & DX
P(1»N) = PF2
U(1sN) = UF2
RHC1oN) = RHF2
' , E(ioN) = EF2
C(1sN) = CF2
a(1sN) = QF2
40 CONTINUE
G0 TO 45

| 42 1s3 = INT1 ¢ |}

' 1s4 = 1583 + )
it 45 CUNTINUE
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X(10153) = x§
P(1»153) = PF2
U(1»183) = yf2
KH(1+153) = RHF2
E(1,1S3)s EF2
Cilrlsd) cF2
W(1,1S53) ofF 2
X(1s1S4) X9
P(1s154) PL2
UclsIsa) ul2
RH (1,1S4) = RHI2
EclsIS4) =ET2
CclslSd) = Ccl2
W(lsIS4) = l2

C AUDD POINTS IN REGION ¢ (10 PTS)
IS4P1 = 1S4 + |
IMAX 3 [S4 + 10
Dx = CI? « AvuTl
Db 50 N = IS4P1sIMAX
X(IsoN) = X(1sN=1) + DX
P(lsN) a P12
U(ClsN) = UL?
RH(1sN) =2 RHIZ
E(leN) = EI2
C(1sN) = CI?2
QClsN) = QI?

50 CONTINUE

LT = AVDT
L =1
Il = 1
KRETURN
END

SUBROUTINE CALCULT
COMMON/GAIN/Z Q(2+1000)2X(2+1000),U(2+1000),C(251000)sRMH(?,1
1000), EC2s1000)sP(2°1000)
COMMUN /NUCON/ I1S1»1S221S53,1S4sINT1,INT2sIMAX
COMMON/TIMUU/Z DTs UULs UU2s 1sXMU
C 100 FORMAT (1n »10Xs™DT = ", F15,8)

SMDT = 100,
IFCINTY JEQs 0) GO TO ¢4
DO 10 K a 2,151
XADT =& ADT(K»sK=1l)

10 IF (XADT JLTe SMDT) SMUT = XADT
IS2P1 = [S2 + 1
DO 15 K = IS2P1,INT)
XADT = ADT (KsK=1)

15 IF (XADT 4LTe SMOT) SMUT = XADT
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INT2P) = INT2 ¢
D0 20 K = INT2P1,1S3
XADT = ADT (KsK=1)
IF (XADT oLTs SMDT) SMUT s XADT
IS4P1 = 1S4 + |
D0 25 K = IS4P1sIMAX
XADT = ADT(KsK=1)
IF (XADT oLTe SMDT) SMUT s XADT
GO TO 28
DO 27 Ks2,IMAX
XADT= ADT(K,K=1)
IFC XADT oLTe SMDT) SMUTsXADT
CONTINUE
OT = SMDT
PRINT 100.0T7
RE TURN
END

SUBROUTINE CENTPT(Ls 11, 12, 13)

COMMON/GAIN/ Q(2,1000)°x(2s1000)5,U(251000)5C(2,1000)sRH(2s1

1000), £E(2+,1000),P(291000)

100
101

COMMON/TIMUUZ DTs UULs UU2s 1» XMU
FORMAT(IH » 125 1Xs 142 3X» 6(E1S5.8)
FORMAT(11xs» ™ NOT CONVERGE™)

2X)s 12," CENTER")

C 102 FORMAT(IH »" CHECK PRINT Ks ", 13)
C2000 FORMAT(gXs ™ XA™, 10X, "UA™, 10X»s "PA"™, 10X» "RHA"™, 9X,

c
C

1

"EAT, /,
IH » SE11,4)
XINP(V1ys DV, DXs 0OY) = V1 ¢ DVeDY/DX
LIM = 30
ToL = 0,0005
ToLl = 1.,E=10
K = |1
DEFINE VARIABLES,
Ui s 0.,
X3 = 9,
Ucl, 1y = O
X (2011) = 0.0
Uy = U(2, 12)
Uus = U(2, 13)
Ox2 = X(2, 12) = x(2, (1)
UX3 = X(2s 13) = X(2, 1Y)

UX3 = (U4eDX3222 = USeUX2422)/(UX2#DX30(DX3 = DX2))

P1 = P(1, I1)
RHL = RM(1, I1)
€t = C(1,» 11y
Ul = 0,

E1 = EC1s I1)
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9. = @1, I1)

P2 = P(1, [2)

KH2 = RM(1s [2)

C2 = C(1y» 12)

U2 = Ults 12)

Q3 = Q(1,» 12)

Oxi = X(1» 12) = X(1, i1)

DUl = U(ts 12) = U(t,s 1)

URH1 = RH(1, I2) = RH(1, 1)

DCt = C¢1s 12) = C(1, 1)

DEl = E(1s 12) = EC1s 11)

DPL = P(1, 12) = P(1, 1Y)

Dol = Q(1s 12) = Q1 i)
ASSUME PROPERTIES AT POINTS A

PA = (PY ¢ P2)/2,

RHA = (RH1 ¢ RH2)/2,

Ca = (C1 ¢ C2)r2,

UA = U2
t3 = E1
Ci = (2
KH3 = RM1
P3 = P

BEGINNING OF ITERATIUN,
CONTINUE
UMC3A = (U3 ¢+ UA = C3 " CA)/2.
XA 3 *UMC3A«UT
UAa = XINP(U1» DULs DX1?2 XA)
Ca = XINP(C1s UC1» DX1» XA)
tA = XINP(E1s» DEL1ls DX1* XA)
PA a XINP(P1s DPls DX1* XA)

RMA = EQSTRA(Ls EA, PA)

GA = XINP(Q1» DWls DOX1* XA)

RHC3A = (RH3*C3 ¢ RHA#LAY/2,

UCX3A = (UA=CA/XA ¢ UX3eC3)/2,

FE3 = EQSTPE(L, E3s RHI)

PEA = EQSTPECL, EAs PA)

PRCUIA = (PEI*QI/(RH3+“3) + PEA#QA/(RHA®CA)) /2,
PR13 a (P1/(RH1we2) & P3/(RHI*%2))/2,

Uil = (@t ¢ Q©3)/2,

P3PE PASUARHC3A*(=(XMY=],) +UCXIA+PRCQ3A) *RHC3ANT
E3Ps Ele PRII#(KH3I=RH1/e Q130T

RH3P2 EQSTRQA( LsE3P,P3F)

C3Px EQSTCQ (LoE3PIRH3T,P3P)

IF (ABS((P3P=P3)/P3)= TpL)21,21+40

IF (ABSC(CE3P=E3)/E3)= TnL)22+22»40

IF (ABS((RH3IP="RH3I)/RHI) = TOLI23»23+40

LF (ABS((C3P=C3)/C3)= 10L) S0,50,40

CONTINUE

Ks K¢}

P3s (P3+P3P)72,
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E3s (E3¢E3P)/2,

RM3I» (RM3IeRMIP)/2,

C3a= (C3e¢C3PY/2,

PRINT 2000, XAs UA» PA*» RHA; EA

PRINT 100515110XC1511)°U30C3,PIsRHISEISL

PRINT 102,K
IF(KeLT4LIM) GO TO 45
PRINT 101

60 T0 So
CONTINUE

G0 T0 1o
CONTINUE

X(2» 1) = 0O,
Uz, 1) s a.
C(2s I1) = C3P
RH(2, 11) = RH3IP
t(2, (1) = E3P
P(2, 11) = P3P
RETURN

END

FUNCTIUN EQSTCQ(Ls Es» RHy» P)
COMMON/GAM/GAMM(2)
FORMAT(1HO»™ RHa™,E15¢8," Ps"3E15,8)
IFCRH oLT404) PRINT 101,RNH.P
IF(P oLTe 04) PRINT 101,RHsP
GO TO (10,20)L
CONTINVE
FUNCTION T CALCULATE SPEED OF SUUND
GAMMASGAMM( 1)
C2aGAMMA*P/RH
IF ( C2 +LEe 0 ) C2s *=(2
EQSTCu = SQRT(C2)
RETURN
CONTINUE
GAMMARGAMM(2)
C2mGAMMA*P/RH
IF ( C2 «LEs 0 ) C2= =C2
EQSTCQeSQRT(C2)
RETURN
END

FUNCTION EQSTEQ(Ls RHs P)
COMMON/GAM/GAMM(2)

G0 TU (10,20)L

CONTINUE
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GAMMASGAMM(])

EQSTEQ = P/((GAMMA = fe)eRH)
RETURN

CONTINVUE

GAMMARCAMM(?)
EQSTEW=P/((GAMMA=1,0)#RH)
RETURN

END

FUNCTION EQSTHO (LsESP)
COMMUN/GAM/GAMM(2)

GO 10 (10520),L

CONTINUE

FUNCTION Tn CALCULATE DENSITY FRUM Eg. STATE
GAMMAZGAMM( 1)
EQSTRQ=P/((GAMMA=]1,0) b))
RF TURN
CONTINUE
GAMMASGAMM( D)
EQSTRQ=P/((GAMMA=] ,0) et )
RETURN
END

PUNCTION EQSTPE(LSEsRM)
COMMUN/GAM/GAMM(2)
GO TU (10,20)sL

FUNCTINN T CAL. DERIVATIVE OF P WeRs TO E FUR RH CONSTAN]
CUNTINUE

GAMMAZGAMM( 1)
LEQSTPE=S(GAMMA=140) *RH
RETURN

CONTINUE
GAMMARGAMM(?)
LQSTPES(GAMMA=1,0) eRH
RETUKN

tND

FUNCTIUN EQSTPO(LS Fy MH)
COMMON/GAM/GAMM({ 2)
FUNCTION Tn CALCULATE PRESSURE FHOM tQe STATL
GO TO €10,20)0L
CONTINUE
GAMMASGAMM(])
EQSTPU = (GAMMA = 1,0)*RH»F
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| IfF (EQSTPQ kT, U4 ) EQSTPQ = 0,
: RETURN
20 CONTINUE
GAMMASGAMM(2)
EQSTPQ s(GAMMA = 1,0)#RHeE
IFCEWSTPO oLTs 0s) EQSTPQ® 0,
RETURN
END

FUNCTION EQSTPR (LsE,RM)
COMMON/GAM/GAMM(2)
GO TO (10,20)»L

10 CONTINUE

c FUNCTION T0 CALs DERs OF P WeRs TO RH FOR E CONSTANT

GAMMASGAMM( 1)
LQSTPR 2(GAMMA®=1,0)«E
RETURN

20 CONTINUE
GAMMASGAMM(2)
EQSTPRa(GAMMA=]1,0)¢E
RETURN
END

SUBRUUTINE CALENG(XMAKX)
COMMON/GAIN/ Q(251000)2X(251000),U(2+1000)5C(2+3000)sRIH(?s1

| 1000)s  E(2+1000)4P(2°1000)

DIMENSION SUM1(1000),SYM2(1000)»SUM3(1000)
DIMENSION FF(25500)5G4(2+%500)sHH(2+500)

e | 101 FORMATCIH »® KEN ENERYYS",E1548," INT ENERGYs"), E15.8,

1l " T0TOL ENERGY=", Elg,8, "[MAXm"™, [S)
102 FORMAT(IH ,3E15.8)
1000 FORMAT(4E15,8)
Uo=047781E 04
U0=0,807263E 04

Is 2
. i=
C annng, Da?7781 M/SEC, Tean RHCJUR2,237 GRAM/(CM)ee]
c XXX T

D=7.701€ 03
FOR D IN M/SEC,TOTOL ENERYY IN CALs/GRAMsTHEN CKEN20,239E=03,
CINT=1,0
} CKEN204239E=03
CINI=l,€0
f U02s UD ##?
XXemxX(Ir1)en2
UU2sU(l,1)en2

o0
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FFCIsld)m ECLol)aRH(Is1)exX2

GG(Isl)m O0,5C00U02#RH T »1)aUU22eXX2

HHCIs1)s RH(Is1l)e XX2

SUM1(1)s0,EQ

SUM2(1)s0,EV

SUM3(1)s0,FV

J=2
10 JUMlsye=i
! 11 UxeX(lsyd)eox(isgMl)

IFCDX 4T, 0,1E=04) upn TO 12
Jardel
GO TU 11
12 xXX2= X(Isd)uw?
UU2sU(Tsd)anw?
FFCIadde Eq¢led) » RH(L,J) » XX2
GaCIsd)m D,SE0*UU2%RH T o J)eUU2wXX2
HH(1sJ3s RH(UIsJ) o« xx¢

£ SUMICJI SUMICJML)Y + U, SEO0«CFF(IaJdMl) « FF(Iad)) #liX
SUMZ(Jim SUMZ{JML) + YV, SE0eCGG(LlsJM1) + GGCIsJ)) #DX
SUM3(J)a SUMILJUML) + U,SEQ«(HHCTsJM1) ¢ HH(IsJ)) DX

; PRINT 102,SUMICJ) s SUME(J)sSUMILY)
; IFC ABS(x(lsJd)=xMax) LT, Us1E=04) GD Tn 20
‘ JaJdel

Gu 10 10

20 SUMINT=2SUMI(J)/5UM3t ) «CINT
SUMKEN=SUM2(J)/5UMI(J) =CKEN
IMAX=

. ENERGY® SUMINT+ SUMKEN

v KETURN

i END

SUBRUUTINE GNPSHA ( Lo 11, 12s 13, X4 )

COMMUN/GAIN/ W(251000)2X(2,1000)sU(251000)sC(251000)sRH(Zs1 |

1000)» E(251000),P(221000) '

COMMON /SHKU4A / UUASCUA,RHUAIEGASPUAIXGAIUAGA j
|

COMMON/TIMUUZ DT UUIls UU2s T XMU
QINP(V2, DVie DV2s Y) 3 V2 4 (DV24DX1%02 ¢ [OV1aX2%?2)xY (h
I1X1oDX2* (DAL ¢ DX2)) ¢ (=DV1*UX2 ¢ Dy2+4DX1)*Yar2/(DX1eNX?
22(DX1 + Dx2))
OO0 FORMAT (LM #"PNINT 4A JYNES NOT CONVERGE"™) '
Clunl FURMAT (1H »,S5(E11.4))
Ci1002 FOQRMAT (1HOW" P4P ygp FuP RH4P Ca4pPn) r
C1003 FORMAT(LIH »"XA 2 ",E15¢Rs™ XH = ", E15.,8,"XC = "»E1S5.,8,"UA
C s ",
¢ b Y £15.8)
2000 FOKRMAT(® A ", 6(E15,8» 2X))
: C2001 FORMAT(® B ", 6(E15,8° 2X))
2002 FORMAT(» € ", 6(E15.,8°* ?2X))
C PRINT 1002
ToL = 0,0005
TOoL1=],F=20
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INITIAL ASSUMPTIONS FOR PT 4,

Ug s U(l, 12)
C4 = C(1, I2)
RH4 = RH(1, I2)
Eg = ECY, 12)
Py = P(1, 12)
UA = U(1s 13)
CAa = C(1, 13)
UB = U1, I1)
CB = C(1», I1)
UC = U(Ls I2)
CC = C(1y I2)

DEFINE VARIARLES,
RH2 = RH(1,» 12)

c2
uz
P2
£?
w2

CC1y
ul(t,
P31y
EC1,
i1,

ODxi = X(1,»
DUl = U(l,
DCl = C(1y
UP1=P(1.12)=P(1»11)
URH1 = RM(1, [2)

DEL
Dat
Uxe
bu2
bce

ECly
QCl,
X(1»
ar
C(ly

[2)
12)
[2)
12)
12)
12) =
12) =
12) =

12) =
1eh ©
13) =
13) =
13) =

X(1»
Ut
C(1,»

I
i)
I

= RH(1L,

£(t,
(3,
X(1,
U(lo
C(1,

UP2=P(1,13)=P(1,12)
URH2 = RH(1, 13)
VDE?2 = E(1»
002 = Q(1»

13) =
13) =

l1)
i)
l2)
i2)
i2)

* RH(1L,

£E(1,
Q(l,

I2)
i2)

ESTIMATE POSITIUNS FUR PTS A» Bs AND Co
CONTINUE
XA ® X4 = (U4 = Ch ¢ UR = CA)/242DT
XB = X4 = (U ¢ C4 ¢ UB » CB)I/24s#DT
XC = X4 = (U4 + UCY/2.*NT
UXA = XA = x(1, 12)
UxB = X8 = x{(1, I2)
DxCs xC = x ¢ 1 512 )
PRINT 1003 »XAsXBsXCouUA
PASQINP(P2,DP1,sDP2sDXA)
EA = QINP(E?» OE1» DE2+ DXA)
RHABEQSTRO(LPEASPA)
PRINT 2000, PAs» EA» RHA, CAy UAs XA
IF (RHA LT, Os ) RHA=ZTQ.SDO0+RHA
CA = LQASTCQ(LIEAIRHALPA)
UA = gINP(UZ2» DULs DU2* DXA)
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PEA = EQSTPE(Ls EAs RHA)
QA = JINP(Q2» DQls DQ2* DXA)
PBEQINP( P2,0P1,DP2,NXY)
£ER = QINP(E?» DEls» DE2*» DXB)
RHB=EQWSTRQ(LotBsPH)
PRINT 2001, P8s EB» RHU, CBs UB» xB
IF (RHB +LTs 04 ) RHB="0+.5D00+RHB
CH = EQSTCA (LsEBsRHB,FR)
Ug = QINP(U2» DULl, DU2» DXB)
PEB = EQSTPE(L, EBs» RHU)
0B = QINP(Q2, Duls DQ2* DXB)
£EC = QINP(E?» DEls DE2» DXC)
PC = QINP ( P2,LUP1sDP22DXC)
KRHC = EQSTRQ (LsEC,PC)
QC = WINP(Q2» Dels DQ2* DXC)
FE4 = EQSTPE ( Ls» EA » RH4 )
Q4 = 4C
CALCULATE CUEFFs IN THE CHARAC. EQes
RHC4A = (RH4*C4 + RHA=CA)/2,
RHC4B = (RH4»C4 + RHB«“YR)I/2,
UCX4B = (UseCa/x4 + UB*CB/XB)/2,
UCX4A = (U4#C4/Xl + UA*CA/XAI/2s
P RoQatd = (PLa~g4/(RHA"CE) < PEB*QB/(RHB*CR)) /2.
P RCQ4A = (PLurUa/(RHU"CE) ¢+ PEA®QA/(KHA®CA)) /2,
PEQUA = (PE4wgld + PEA#YA)/2,
PEQUB = (PE4*u4 + PEB*4YB)/ 2,
PRHGC = (Pa/RH42®2 o PL/RHC##2)/2,
WC4 = QC
P4P = (PH/RHCUH ¢ PA/RHCU4A ¢ UB = UA ¢ (=(xMU = 2 )*(UCXuY

le UCX4A) o P RLQUB + P RCQ4A)I*DT)I/(14s/RACUA + 14/HH

2¢4B)

UgP s (Py = PA ¢+ RHC4B"UB + RHCA4A®UA ¢ (=(XMU = 1,)¢ UCX4r»

1RHCUB + PFU4B + (XMU = 1,)aUCX4A*RHCUA = PEQAA)«DTY/(RHLA

28 + RHL4A)

1%

14

20

f4P = EC ¢ PHH4C#(RH4 = RH2) + QC4DT
RH4P = EQSTRU(Ls E4P» FuP)
PRINT 1001,PUP,UUPSELGPPRHUP»C4P
IF(RH4P oLT.0s ) RHUP=0+5D0*RH4P
CuP = EqSTCQ(Ls E4Py» RH4P, P4P)
PHINT 1001oP“PtU“P.F“P'RH“P.C“P
IF ( ABS (P4P).LEs TOLLIGU TO 15
IF ( ABS ((P4P=P4)/P4P),GT, TUL) GO TU 20
1f ( ABS (U4P) «LEs TOS1)sO TO 18
Lr ( ABS ((uU4P = U4I/U4P)GT. TOL ) GU TO 20
IF (ABSC(E4P)LEs TOLL) GN TO 20
IF ( ABS ((F4P=t4)/E4pP) «GT4 TUL) GU TO 20
6o T0 30
IF(K +GEs 20) GU TO 35
K = K « 1
UG2(U4P*U4)I*0S
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45
30

C
C
C
C
)
i
b
&
: ¢ 100
? ¢
] ¢
g C 101
c -

Cas(C4pP+C4)*0,5

P4s(P4aP+P4a)*0,5

RH4s(RH4P¢RH4)*04S

E4m(E4P+EA)Y*0,5

60 70 10

PRINT 1000

CONTINUE

X4A w Xa

UdA = U4P

Cy4A = CyP

KH4A = RH4P
E4A = E4P

PyA = PyP

W4A = Q4

PRINT 2000» PAs EAs RHA, CA» UA» XA
PRINT 2001, Pys» Eds RHH, CBs UB» XB
PRINT 2002, PCs EC» RHY, CCs UC» XC
PRINT 1003 sXAsXHsXCsUAR

RETURN

END

SUBRUUTINE GNPSHB(Ls 14, 12» 13+ X4, MS)

COMMON/GAIN/ Q(2,1000)°X(251000)5U(2+1000)5C(2»1000)sRH(2»1

1000)» E(?2,1000),P(221000)

COMMON / SHK4H / U4B,CYBsRHUBIE4BIPABIXaBIQ4R »UUU

COMMON/TIMUUZ DTs UULs UU2s Ts XMU

COMMON/GNPSRBB/ XB

FORMAT(AX» "XB"s 10Xs "UBT,10X»s "PB"s10Xs"RHBMs9Xs"ER",/
iH »

1 SgElle4)

FORMAT(4Xs "P4n =%, E11,4, SX» "U4B =", E11.4)

XINP(Vis DV, UXs DY) = VI & DV#DY/DX
MSs1sRIGHT RUNNING SHOCKS MS = 2,LEFT RUNNING SHOCK.,

SIGN = |,

IF(MS +EQ. 1) SIGN = =i,

X2 X(1s 12)

ut Ol 12)

P P(1s I2)

Ut U1, 12)

E1 ECl, 1I2)

DxB = xg = x(1, 12)

IF(XB «LTs x2) GO TO 1V

DX = X(1s 13) = X(1, 1&)

Dal = Qcts 13) = Q(1, 12)
OP1 = P(ls 13) = P(1, 12)
DEY = E¢1s 13) = E(1, 12)
DUl = U(ls 13) = U(L, L2)
a0 TO 20
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10 CONTINUE
DX s X(1s 1) = X(1, 12)
VPl & P(1s T1) = P(1s L2)
DEL = EC1s I1) = EC(1» L2)
DUl = U(ls T1) = U(ls 12)
Lal = Q(ts I1) = (1 12)
20 CONTINUE
PB = XINP(P1» OP1s DX» DXB)
b8 = XINP(ELs DE1s DX» DXB)
RHB = EQSTRa(L, EBs PR
CB = EQSTCG(Ls EBs» KHR*» PB)
UR = XINP(Ul» DULl, DX» DXB)
QB B8 XINP(Q1» DQLs DX» DXB)
PEB = EGSTPE(Ls EH» RHDB)
HHC = RHH*CH
UCX = UB#CR/XH
PRCQ = PEBeoB/RHC
QuE = 0,

PuB = PR +(SIGN*(U4B = UB) + (=(XMU = 1,)*UCX ¢ PRCQI*NT)

I RHC

IF (P4R JLEs Os ) PuUB®=Puyp
PRINT 100, xBs» UH» PRBs RHB, ED
PRINT 101» P4Bs U4H
RETURN
END

SUBRUUTINE GNPT(L, T1e 12, 13s KQ)

COMMON/GAIN/ Q(2+1000)°X(2,1000)5sUC2+1000),C(2+1000)sRH(2»1

1000), EC?2,1000),P(2°1000)
- CALCULATE PROPERTIES AT GENERAL POINTS.
COMMUN/ZTIMUUZ DT UULs UU2s TsXMU
REAL LINP
100 FORMAT(1H
101 FORMATC(LH
103 FORMAT(1H
1 FORMAT(1LH
300 FORMAT(1H
i)

12, 1X» T4s 3Xs 6(E1548s 2X)» 12,
12 1X» lur» 33X, 6(E1S,8, 2X)s 12,
12, 1%, 1ar 3Xy 6(E15.8s 2X)» 12D
10Xs "NOT CONVERGE™)

"PT M1 CALY, PT B LILS ON LEFT

- v v w w

301 FORMATC(IH » "PT M2 CALL, PT A LIES ON RIGHT RUNNING SHUCK"

1)
400 FURMAT(IH »nXxB = ",f12,8," 0Tl = ",£15.8)

401 FORMAT(IM »"1ST CHARACIERISTIC DOES NOT INTERSECT THE SHOCUK

iy

402 FORMAT(IM »72ND CHARACTERISTIC DOES NOT INTERSECT THE SHNULK

")

403 FORMAT(IH »" XA = ",b15,8," 072 = ",£E15.8)

500 FORMAT(1H #"PUINT A VARIABLES FOLLUW ")
Sal FORMAT(LIH »"PUINT B VARIAHLES FOLLOW ")
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502 FORMAT (1H ," X 1] c P RH E ™)
510 FORMAT(" xXB NOT CONVENGE IN GNPT™)
520 FORMAT(® xA NOT CONVERGE IN GNPT®)
530 FORMAT(" FRBM GNPT WE MAVE U3 ®", E15,8s " DUG 3", E15.8,
1 " DX4 =", E1548s " X3 u", E1568s /s " C1 a"s E15,8, "
DC4G =n,
2 E1548, " X4 8", E15¢R)
KQ = 1) GENERAL POINT ADJACENT TO LEFT RUNNING SHOCKS
FIRST CHARAVTERISTIC INTERSECT wWwITH SHOCK.
KQ = 23 GENERAL POINT ADJACENT TO RIGHT RUNNING SHOCK»
SECOND CHARACTERISTIC INTERSECT WITH SHOCK.
KQ = 33 REGULAR GENERAL POINT,
LINP ( vi» NDVe DX» DY) = V1 ¢ DV «DY / DX
QINPC V2, DVIs UV2s DY) s V2 ¢ (DV24DXia024DVIn0X2422)% DY

17 «( DX1#DX2¢(DX1 * DX2)) ¢ (=DVI*4DX2 ¢ DV2«DX1)*( DY
2 )*w2/(DX12DX2 *(DX1 + DX2))

NIT = 20

MNIT = 4

ToLt = 1,E-10
ToL = 0,0008
KP = K@
GO TO (201, 202, 200), KO
201 PRINT 300
un TU 200
202 PRINT 301
200 CONTINUE
PRINT 5902
Ul = U(l, I1)
Ll = EC1, I1)
KH1 = Ru(l, 1)
@1 = Q(1,s I1)
C1 = C(1, 11)
P1 = PC1, 1)
Uz =u(l, 12y
L2 = EC1» 12)
RH2 = RH(1s 12)

W2 = (1, I2)
P2 = P(1, 12)
Xt = £(1, I1)
X? = x(1, 12)
X3 s X(1, [3)
C3 = C(1, I3)
U3 = U (1,13)
L3 = EC(1, 13)
P3 = P(1, 1I3)
W3 = Q(1, 13)
K s |}

KMl = 3

Ug = u(1, 12)
Dxl = X(1, 12) = Xx(1,» 11)
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LUL = U(ls 12) = U(ls L1)
LC1 = C(ls 12) = C(1y 11)
VE1 = EC1s 12) = EC(1y 11)
DRH1 = RH(1, [2) = RH(1l, 1Y)
DP1 = P(1, 12) = P(1, 11)
DAl = Q(1s 12) = Q(1s 11)
DX2 = X(1» 13) = X(1, {2)
DC2=C(1,13)=C(1,12)

Du2 = U(ls 13) = U(l, 12)
DE2 = E(1s 13) = E(1y L2)

C TulS IS THE PUINT OF THE INFAMOUS CUBUL FOULUP

UP2 3 P(1s 13) = P(1, 12)
DRH2 = RH(1, 13) = RH(Ll, I2)
D@2 = Q(1,s, 13) = Q(1, I2)

GO TO0 (2, 4, 10)s K@

B LIES ON THE LEFT SHOCK,
UX3 = X(1, I1) = Xx(2, 11)
Du3 = U(ls 11) = u(2, 11)
DE3 = E(1s I1) = E(2, 1Y)
DP3 = P(1,s 13) = P(2, 11)
DRH3 = RH(1, I1) = RH(Z, I1)

D3 = QCls 11) = Q(2, 11)

DC3 = C(1y, 11) = C(2, 1)

X1P = X(72,11)

X4 3 X2 + U2+DT

UTY = DT/2,

X8 = (X1 ¢ X1P)/2,

KCOUNT a 1

Hi = ULsCle(X1eX1P)/DX32(DU3+DCI)+DX3/DT
B23X1Pa(ULl+Ci=X1*(DUICUCI)/DXI+X4/X1PeDX3/DT)
His= 1,/0X32(0U3I+DCI)

CONTINYE

FPal,=2,«83aX8/81

F 2 X4 » ( B2 » 83 » x8 «22)/81
XHPasX3=F/FP

[F (¢ ABS((XBP = xH)/XAF) LLTs TOL) GU TO 6
KCOUNT = KCOUNT ¢ 1

IF(KCUOUNT GTs NIT) GO TO 7?7

XH=2 XgP

PRINT 400sXR»0UT1

Go TO 3

PRINT S10

PRINT 400s x8s OT1

CONTINJE

DTIP o DT/(X1P = X1) » ( X1P =XB)

OT1 = DT1P

IFCUTL LGTe 1402DT) GN TO 3

KMl = 1

e TO 10

3 KMl =2
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PRINT 401
G0 T0 10 ‘

A LIES ON THE RIGHT SHOCK
Dxa = X(1», 13) = X(2,» L)
Du4 = UCls 13) = U(2, L)
DE4 = E(1s 13) = E(2, 13)
DP4 = P(1, 13) = P(2y» L3)
DRH4 s RH(1, I3) = RH(Z, I3)
DQ4 = 4C1, 13) = Q(2, {3
DC4 = C(1s 13) = C(2s I3)
X3P = X(2,13)
X4 = X2 ¢ U2#DT
XA = (X3P ¢ X3)/2,
0T2 = DT 7/ 24
PRINT 530, U3» DU4» DXx4, X3 C3I» DCa, x4
KCOUNT = 1
Al = U3eC3=(X3+¢X3P)/DX4«(DU4=DC4)+DX4/DT
A2 3 X3Pe(U3=C3°X3«(DU%=DC4)/DX4+X84/X3PeDXa/DT)
A3 = = 1,/DX4*(DU4G=DC4)
CONTINUVE
FP & 1 om2,2A30XA/AL
F =2 XA = ( A2¢A3aXA0#2) /Al
XAP = XA = F/FP
IF ( ABSC(XAP = XxXA)/XAP ) LLTs TOL ) GO TO 11
KCOUNT = KCOUNT ¢ 1
IFCKCUUNT o+GTs NIT) GO TO 12
XA = XAP
PRINT 403, xA» UT2
GO TO 9
PRINT 520
PRINT 403 XA» UT2
CONTINUE
DT2P = DT / ¢ X3P =x3) « ( X3P ®XA)
LT2 = DT2P
IF(DT2 +GT. 1.0#DT) GO TO 8
KMl = 2
Go TO 10
KMl = 3
PRINT 402

BEGINNING UF ITERATIUN LOOP.
CONTINUE
X4y s X2 + U2 « 0T
KP = KM1
GO TO (15, 205 25)s KP
CONTINUE
DT2 = DT
UxB = XB = xi
UB = LINP(U1» DU3s DX3* DXB)
E8 = LINP(E1» DtL3» DX3» DXR)
P8 = LINP(P1» DP3s DX3* DXB)
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KRMB = EQSTRQ(L,» EBs PH)
CB = EQSTCQ(Lts, LB, RHB® PB)
uB = LINF(Q1s Dw3s DX3* DXRH)
PEB s EQSTPE(LIEBSIRHB)
G0 TO 30

20 CONTINUE
UTY = DY
UXA = XA = ¥x3
UA = LINP(U3» DU4s DX4* DXA)
LA = LINP(E3Is DE4s DX4* DXA)
FA = LINP(P3» DP4s DX4* NDXA)
RHA = EQSTRQ(Ls EAs» PA)
CA = EQSTCQ(Es» EAs» RHA? PA)
QA = LINP(Q3» DU4» DX4» DXA)
PEA = EQSTPE(LSEASRHA)
GO Tu 28

25 UTl = UT
T2 = DT

28 CUNTINUE
LF (K WNEs 1 ) 4O TO <6
XHE(X4=Ta(ULeCl=X1/DXLa(DUL*DCL)))/Z7CL1,0e0T/NX1a(DUL+CL))
60 TN 29

26 CONTINUE

27 UXB = XB = x2
U 3 QIN P(UZ2, DUL, DUZ,DXB)
ER = WIN P(F2» DEL, DEZ,DXB)
Qg = WIN P(Q2,» UQL1s DAZHNXB)
PR 3 QINP(P2s» DP1s DP2° DXB)
RHB = EQSTRQ(L, EBs PR)
CH = EWSTCQ(Ls EB» RHB® PB)
PEB = EQSTPE(Ls» EHs RHU)

IF ( KP +E@s 3) GO TO 130

GO0 TO 40

29 CONTINUE
DxB = Xy = xl
Ul = LINP(H1s DULs DX1°DXH)
EW = LINP(E1s DE1s DX1oNXB) r
Oy = LINP(Q1» DW1ls DX1°DXB)
PR = LINP(PI» DP1ls DX1» DXB)
RHB = CuSTRQ(Ls, EBs PH)
Cg = EQSTCQ(L, EB» RHH? PB)
PEB = LQSTPF(Ls EB» RMO)
IF(KP «F£Qe¢ 3) GU TO 30
GO TO 40

30 CONTINUE
IF ( K «NE. 1) GO TO 3¢
XAS(X4=DTa(U3=CI=X3/DXx€a(DU2=0C2)))/(1,0+¢DT/DX2a(DU2=0C2)) j
Gy TO0 3N i

32 CONTINUE

33 UxA = XA =%?
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Do

£}

40

35

4l

QIN P(u2s» DULl,» DUZ,DXA)
QIn P(E2» DELls DEZ,DXA)
QIN P(02s DQls NGEZHDXA)

PA = QINP(P2s» DP1» DP2» DXA)

RHA = EQSTRQ(L» EAs» PA)

CA = EQSTCQ(hs EAs RHA® PA)

PEA = EQSTPEC(L» EAs RHA)

GO TO 40

CONTINUE

OXA = XA = x2

UA 8 LIN P ( U2 » DU2s NDX2sDXA )

EA = LIN P ( E2» DE2s UX2, DXA )

QA = LIN P ¢ @2s DQ2s UX2» DXA )

PA = LINP(P2» DP2s DX2* DXA)

RMA = EQSTRQ(Ls EAs PA)

CA » EQSTCQ(Ls» EAs RHA® PA)

PEA = EQSTPECLs EA» RHA)

CONTINUF

IF ( K NEs 1 ) GO TO 35

Q4 = Q2

RHC4A = RHA +CA

RHC48 = RHB » CB

UCX4B = UB+*CB/XB

UCX4A = UA*CA/XA

P RCQ4B = PEB*QU/(RHB#*C(B)

P RCU4A = PFA+QA/(RHA2LA)

PEQ4A = PEAXQA

PEQ4B = PER«GB

Gg TO 4%

RHC4A = (RH4*C4 + RHA*LA)/2,

KHCU4H = (RH4a*C4 + RHB#LR)/2,

UCX4B = (U4+C4/X3 ¢ UB*CB/XB)/24

UCX4A = (U4eC4/X4 ¢+ UA"CA/XAY/2,

P RCQaB = (PEB *@B/(RHUaCH) ¢ PE4#Q4a/(RHA®C4))/2,

P RCQ4A = (PEA®QA/(RHA"CA) o PEA«Qa/(RH4*Ca))/2,

PEQ4A = (PEAwQA + PE4evg)/2,

PEQ4B = (PER*QB + PE4evg4)/2,

CONTINUE

PRINT 500

PRINT 103»1,12+sXAsUACA,PA,RHASEASL

PRINT 501

PRINT 103,1,12,X8sUBsCBsPBsRHBIERSL

TOLCON s 04,0005

PaP = (PH/RHC4B + PA/RHCGA ¢ UB = UA ¢ (=(XMU = 1,)eUCX4R
1 P KCQaBYaDT1 ¢ (=(XMU = 1,)*UCXAA ¢ P RCQ4A)*DT2)/(14/RH
1C48 + 1+/RHC4A)

U4P 3 (PH = PA + RHC4B*UB + RHCUA®UA ¢ (=(XMU = 1,)eUCX4R*R
1HC4B PEQ4B)*OT]1 = (=(XMU = 14)%UCX4A*RHCAA + PEQUA) DT
22)/(RHCAA + RHC4B)

IF ( K (NEs 1 ) GO TO 43

©omMmCc
> » >
[ B B ]
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RH4 s RH2

45 E4P = E2 ¢ P2/(RH2##2)*(RH4 = RH2) ¢ Q2DT

C 528

c

43 Lyl 8 E7 ¢ (P2 ¢ P4P)/CRHUee? ¢ RH2##2)«(RH4 = RH2) + (44

ub

42

a4
50

60
70

RH4P = EQSTR@(L» E4P, PaP)
IF ( ABS (( RH4 = RH4P )/R
FORMATCIH ™ RH4S",E1508,"
PRINT 528sRH4»RH4P

RH4 = (RM4P ¢ RH4) / 2+0
6o Tu 45

1 Q2)/ 2.%D7

RH4P = FQSTRU(L»,» E4P, PaP)
CyP = EGSTCQ(Ls E4P, RMyP,
IF ( K E@e 1) W0 T0 5V
IF ( ABS ((P4P =P4) /P4p)
IFf (ABS(U4P) LT TOLL1) @D
IF ( ABS (( U4P = U4)/vyP)
IF ( ABS ((E4P = E4)/ E4P)
IF ( K +GEs NIT ) GO TU 60
IF ( K JEQ@e MNIT ) GO ‘o 7

PRINT 10351,02s%X4sU8P,CuP,PUP,RHUPIEUP,L

K = K ¢+
IF(K «GEs 3) W0 TO S5
Ug = U4P
Cy = Cu4p
Py = Pup
RM4 = Rpap
L4 = E4P
PE4 = EQSTPF (LsE4sRHY!
Gy TO 10
Ug = (U4 + U4Pr)I/2,
Cq = (Cu + C4P)Y/2,
Py = (Py + PUP)/2,
KH4 = (RH4 + RH4P) /2,
bty = (E4 ¢ E4P)/2.
Fe4a s EQSTPE(LY E4s RHY)
60 10 10
END OF LITFRATION LOOP,
PRINT 1
X(2» 12) = x4
U(2», [2) = yur
IF (P4P LFe 0 ) PuP="P4p
IF (KH4P JLEs U) RH4P® =R
C(2» 12) = CuP
HH(2, [2) = RH4P
E(2s 12) = E4P
P(2s 12) = P4P
W(2s, 12) = @1, I2)
RE TURN
END

70

H4) +LTe TOLCON) GO TO 46

RH4Ps",E15,8)

P4p)
« TULCUN) 42,
TO 44
= TOLCUN) 44,
= TOLCUN) 70,

0

H4P

42,

44,
70,
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50
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SUBRUUTINE INIDAT
DIMENSTION AC#0)
COMMON/ZYIMUUYZ OT» UULs U2y T» XMU
1CUMHUN/1NIT/PIlnUI\oRHlloEIllClanlloPlZAU|2nRH120fI?lCI?IQ
1z
CUMMON/SINPT/ PIs» UT, "HI» UF» XZ» PFs 1R1, IR2
COMMUN/RAWAY 7 XR(30)sYR(3I0)sCR(30V)HSRAR(IO0)IPER(IOD)SPR(30)R
1HP( 30)
COMMUN /C1AND2/ PF1aUFL,RHF1SEFL12CF1ouF1sPF20UF2,RHF2,FF2,C
1F2,QF 20  XF 4RSS
COMMON/DTTS/0TT
COMMON/NDIM/TT s TTMAX s XAZs TMAX
COMMUN/REFL/TREF » T
COMMON/GAM/ GAMM( 2)
CUMMUON/CON/TCUNSDT?2,PTUL
CUMMUN/NNEWW/KSHUCKsKTLLG, DT
905 FORMAT(8EL1S,8)
907 FORMAT(IH H"INITIAL TIE= 0,07/
CIH o™ (T)TIME UF THE FITST YTIME LINE ",1PEL1S.8/
(lH »™(TMAXIMAXIMUM RUN TIME ",1PELS.H)
Y08 FURMAT(1HU,"GAMMA FQOR NEGIQON UNEL".1PEL1S,8/
CIH »"GAMMA FUR REGION TwnN",1PE1S5,.8)
911 PORMAT(IH »"WEGION Twl) PRUPERTIES "/
CLH s 6XamUL2m, 12X CI2m 0 12X "PL2", 11X, "RHIZ2", 12X "ETI2"/
(lH »S(IPELIS.H8))
v1Y FURMAT(35A92)
916 FORMAT(I?2»3F15.8)
917 FORMAT(IHL»"DIMENSTIONAS INPUT DATA™////
CIH »"TIME UNITS ARE(™sDAZem)")
918 FORMAT(IHOLS(2X s ("5ARP ")) }
919 FORMAT(IH »"REGIUN ONE PROPERTIES™/
ClH s6XomULIms12XsmMCIImo 12X, mPI1I™ 11X "RHTLI"H12X,"ETLI"/
(1H »S(1PE1S,8))
920 FORMAT(L1HO»"CIM)THE INLTIAL RAREFACTIUN IS DIVINED INTO "»l

14, " SURDIVISIONS™/
2 1M »"(XZ2)RADIUS OF REGIUN ONF "»1PE1S.Bs" ("5
3A2,")")

92l FURMAT(1HO,"(XZ)RADIUS OF REGION ONE "»1PE15,408)
922 FORMAT(//7/7" NUON=DIMENSIONAL INPUT DATA™//7)
929 FORMAT(IHO»"(PTOL)SHOCK PRESSURE JUMP TOLERANCE " . 1PEL1S.8)

READ 908,T

DTsY

READ 905,GAMM(1)sGAMM(Z)

REAU 918,(A(J)»d=]ls139)

Wll=0,0

012'000

READ 9U%,PI1sUl1sRHII

READ 905,PI22UT2,RHIZ

READ 916 INXZsPTOL

EI1sEUSTEW(1,RHIL1,PI)

e




W CI1sEQSTCQ(IsEILSRHIT1L"IY)
EI2=EQSTEQ(2sRHI22P12)
CIZ2mEQSTCO(2sE12,RHI2,P12)
FRINT 917,(A(J)sJml,5)

PRINT 90775 TMAX
PRINY 908sGAMM(1)»GAMM(2)

g PRINT 918s(ACJ)rJu6,30)

PRINT 919,Ul11sCI1sPI1,RHIL1,EIL
PRINT 911,U12,C12»PI2,8H12sE12
PRINT 9200 INeXZs(ACJ)»YnI1,535%)
PRINT 925,PTUL

XxxZax2

XZs140

TTs7Y

OTTsDT

TTMAX2TMAX

A(l)=xX2Z

A(2)sXxX2/C11

: A(3)=CIy

AC4)=CI1

A(S)SRHI1#CI1we2

A(Ah)mRHII

A(T)sCl|e2?2

CALL NONDIM

PRINT 922

T=aT7

DT=DIT

TMAXeTTMAX

PTOL=PTOL*X?

PRINT 907,7T,TMAX

- PRINT 919,UT1,CI1oPI1,RHILHLETL

- PRINT 911,U12+CI2sP12,HI24ET2

3 PRINT 921,%x2

: PRINT 925,PTHL

PRINY 923,(A(J)sdml )
923 FORMAT(//1H s"CONVERSIUN FACTORS HACK TO UIMENSIONAL QUANTI
LTIES™/ 1HOS"QUANTITY MULTIPLY BY"/

RO ] i T i A

s T

2 IH »"X",0x»1PE15.8/

3 1H ,"Tn,8X»1PEL1S.8/
4 1H s™U",8Xs1PEL1S,8/
5 I1H »"C",8X»1PELIS B/
6 1H »"P",8Xs1PL1S,
78/ 1H s "RH".7
bX»1PEL5,8/ 1H
Yro"E"s8X,1PE15.8)

TCON=A(2)

CALL RASHUX(2sINs1)
CALL ASIGPT
\ IFCIDTsEQs1)DTmLT2/7TCON
: RETURN
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100
110
C 120
€2000
C
C

C2001 FURMAT(LIH »SXs"XBT o 10X UB" 10Xs"PHB" s LOX» "RHB" s 99X, "EH"H/

c
¢

END

SUBROUTINE INTFPT(I1,14,13514)

SUBROUTINE TO CALCULATE PROPERTIES AT INTERFACE,
COMMON/GAIN/ W(2+s1000)2X(2+3000)»U(251000)sC(251000)0nK(72»]

1000),

1

3

FORMAT(IH s1201Xo1as3X 6(E154802X)s 2 512X INTF"®)
FORMATCIH »10Xs"INTERFACE SOLUTION DIVERGENT®)

FORMAT("
FORMATCLIH »5Xs"XAT 10X 2 UAT,10Xs"PAT, 1OXs"RHAT s YXs"EA" S/

E(2,1000),P(291000)
COMMUN/TIMUUZ DT UUL» UU2»

eakea", 6(E19,8,»

IH »5E11,

4

)

1" ISFllo

XINP(VI,DVsDXsY)mVieaDV*Y/DX

L =

4)

1

TOL=0,000%
TULI z {,£=10
LiM=30

K=l

DEFINE PROPERTIES AT POINTS 1o

ulp = u(t. I1)
C1 = ¢cC1» I1)
X1 = x(1,» I1)
KH1 = RH(1s 11)

t1
P1
Wl
L?
P2

7 NN

LC1, I1)
Py, 11)
w(ls I1)
t(1, 12)
PC1s 12)

KH2 2 RH(1, 12)

w?
€2
u2
X3
U3
€3

wlil, I2)
€1, 12)
uit, I12)
XxX(1s [3)
Ui, 13)
CCi» 13)

RH3 = RH(1, 13)

t3
r3
X4
K|
U4
Cy

ECy1y 13
Pl I3)
xC1, l4)
w1, 13)
Uii, [4)
Cii» 14)

DEFINE DIFFe QUANTITIES
Ux2sX(1,14)=X(1,]3)
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. DuU2eU(1,14)=U(1,13)
| DC2 = CC1s T4) = C(1s L)
' DE2SE(1,14)=EC1»]3)
URH2sRH(1s[4)=RH(1+s13)
LP2 = P(1, 14) = P(1, L)
VA2=Q(1,14) =Q(1,»13)
DximX(1,12)=sX(1,I1)
DUlsU(1,12)=U(1s11)
VEIsE(L,12)=E(1»]))
DRH1 = RH(1,I2) = RH(1-11)
DP1 = P(1, 12) = P(1s 11)
DA1=Q(1,12)=Q(1»11)
DC1 = C2 =Cjy
XA &8 (X4A = (U4 = C4 = (DU2 = DC2)eX4/DX2)«DT)/ (14 ¢ (DU2 =
1 pC2)«» DT/LUX2)
X4A = X3 ¢ U3«DT
5 C - ESTIMATE PTS A AND B
i XH 3 (X4A = (Ul ¢ C1 = (DUL ¢ DC1)#X1/DX1)eDT)/ (1, ¢ (DUl
10C1)#»0T /0X1)
£ OXA = XA = X3
! UXB = XB = xl
: UA XINPCU3» DU2» DX2° DXA)
; CA XINP(C3s DC2» DX2* DXA)
PA XINP(P3I» DP2y DX2» DXA)
QA XINP(Q3» DW2» DX2¢ DXA)
EA XINP(E3s DE2» DX2° DXA)
RHA = EQSTRQA(Ls EAs PA)
ug XINP(UL» DULls DX1» DXB)
5 cB XINPCCY» DC1» OX1* DXB)
4 Py XINP(P1s DP1ls DX1*» DXB)
p @B XINP(Q1» DQls DX1* DXB)
ER XINP(EY1» DE1» DX1* 0OXB)
RHB = EQSTRa(Ls EB» PH)
o - ASSUME VALUES FOR VARIABLES
U4A = U3
Uy = U2
CyA = Ca
HKHBA = RHJ
E4h = E3
PyA = P3
PyB = Py
CyB = CB
RH48 s RH2
£48 = E2
Q34A = Q3
U248 = Q2
1 CONTINUE
c BREGINNING OoF ITERATION LOOP
X4A = X3 + U3eDT
XygBsXyA
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10

UMC4AB(U4A+UA=C4A=CA) /2,
UPC4Bm(U4Beub+CUBCR)Y/ZZ,

XABX4A*UMCy4A*DT
XgsX4y=UPC4R*DT
UXAsXA=x3
UxBsxi=x1
UASXINP(U3,DU2,0X24DXA)

EASXINP(E3sNE2sUX2sDXAJ
PA = XINP(P3s» DP2» DX2» DXA)

KHA = EQSTRQ{2s EAs PA)

CA = EQSTCA(2s LA» RHA® PA)

PEA = £QSTPE(2, EAs RHAH)

PE4A = EQSTPE(2» EUA» MHA4A)

GASXINP(QJIsnNW2sUX20DXA)

UBEXINP(UL,DUL,UX1aDXH)

LRsXINP(ELSDELSUX1aDXH)

P = XINP(P1s» NP1, DX1* DXB)

RHB = E£QSTRa(1l, EH» PH)

CH = EQSTCA(Lls EBs RHH* PR)

PEB = EGSTPE(Ll, EBs RHD)

PE4ab = FQSTFLE(Ls Ead, "H4B)

UHEXINP(QLlsNQloUX1aNXH)

Y4A = Q13
Vg8 = Q2
KHC4B = (RHR*CH + RH4R"C4B)/2.

RHC4A = (RMA®(A + RHUATCUA)/2,

UCX4B = (UReld/XU « UGU«C4R/XUB)/2,

UCX4A = (UA+CA/XA ¢ U4MelUA/XU4A)/2,

P RCQU4B = (PEH*QB/(RHR*CB) + PE4B*QUH/(RHUR*CUB))/?.
P RCOQ4UA = (PEA*QA/(RHA*CA) + PE4A#QUA/(RH4A*CH4A))/?2,

PEQ4E = (PER*QH ¢+ PEUB*QU4B)Y/ 2.

PEG4A = (PEA%QA + PEWATQUA)/2,

CONTINUE

PRH3I4A u (P3/(RHI»«2)+F4A/(RHUAR2))/2,

PRH248 = (P2/(RH2+#2)+ 4R/ (RH4Bwe2))/2,

PGAP 3 (PB/KHCAB ¢+ PA/NRHCY4A + UB = UA & (=(XMU = 1,)+(UCY4H
1l + UCX4A) ¢ P RLQUB + P RCWUA)*DT)I/(1+./RHCUR + 1.4/RHK
2C4qA)

Py4BP = P4YAP

PRINT 2000sXArUASPASRHA,EA

PRINT 2001, xBsUbBePBsRHI,ED

UGAP = (PB ® PA ¢ RHC4DeUD ¢ RHCUA*UA ¢ (=(XMU = 1 ,)#UCXUN*
IRHC4B + PEWUR + (XMU = 1,)*UCX4A*RHLGA = PEQUA)#DT)/(KRHLUY
2A + KHC4H)

E4AF = E3 ¢ PRH3I4AR(RH“A = RH3) + Q34A«DT

E4BP 3 £2 ¢ PRH24B*(RH“B = RH2) + Q248+DT

RHM4AP 2 EQSTRQ(2s EUAP* P4AP)

RH4BP = EQSTRQ(1s E4BP* P4aP)

C4AP = EQSTCQ(2» LU4AP, RH4AP, P4AP)

C4BP = EQSTCU(1s E4BP, RH4RP, PuBP)
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[FC ABSC(P4AP = P4A)/P4A) GTs TOL) GU TO 23
IFC ABSC(U4AY LT, TOLY) GO TO 4O

[FC ABSC(C(U4AP = U4A)/U4A) +GTs TOL) GO TO
IFC ABSCC(E4AP = E4A)/E4A) +GTs TOL) GO TO
IF( ABS((E4BP = E4B)/E4B) +GTe TUL) GU TO
IF( ABS((RH4AP = RH4AY/RH4A) +GT, TOL) GO
IF( ABS((RH4BP = KH4B)I/RHGB) = TOL) 65

> ~tw W W

IF(K oLTe LIM) GU TO 7

PRINT 110
Go TO 6

U4As(U4AP+ULA) /2

UgHaUgA

CygAs(CUAP+CuA)/2,
CyaHa(CuP+CyB)/2,
PaAa(PU4AP+P4A) /2,

PyB = PyaA

RH4A=(RH4A+RHL4AP) /2,
KH4B=2 (RH4H+RH4RP ) /2,
E4As(EQ4A+E4AP)/ D,

tyB2(E4rdeEUdRP)/ 2,

L = 2
PRINT 100
L =1
PRINT 100,
K 3 K ¢+ |
uyg 10 1

15120 X4AsUBR,C4A»PUASRHGASLUASL

[oI13sX4BoUUD,C4BPUBIRHUBILAE ML

END JF ITERATIUN LOOP
J(2,12)sU4Ap
U(2s13)sUGAP

Pi{2,12)2P4AP
P(2,13)sPY4AP
C(2,12)aCuRnpP
C(2013)=CuApP
E(2,12)aE48P
E(2:13)mE4AP
RH(2,12)sRH4BP
KH(2s213)aRHG4AP
Q(2s 12) = O
QC2» [3) = 0o

X(2012)=x- A
X(2,13)sX4R
RETURN

END

SUBROUTINE NUNDIM

COMMON/ZINIT/PI1sUTL,RHLIVETYSCILQI1sP1I2)UT2,RHIZ24ET2,C17250

112

COMMON/NOM/PUSRHOLEO,CY
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CUMMUN/DTTS/UTTY
COMHON/NDIM/ZTT , TTHAX»XA2Z
PosPl1 ' ’
RHO=RHI]

t.o=tlil

Coacl]

TTelTCO/XXZ
UTT=DTTeCu/xXZ
TTMAX=TTMAX#CO/XXL
PI1aPl1/(RHO*CO=?)
KH1l = RHI1/KRHO

Ul = uIrt/sco

Cl1l = C11/Co
LI1=E]1/COnn2
P122P[2/(RHO*LO» /)
RHI2 = RHI2/KKHE

ule = U12/C0

12 = C12/Co0
L12=E12/C0%e2
RETURN

LN

SUBRUUTINE PTARNG
COMMON/ZGAINZ G(251000)*xXC251000)5u(2s1000),C(2s1000)snH{/0]
1000), E(251000),P(2°1000)
COMMUN /TIMUU/Z UT,UUL.YU2,TsXMU
CUMMUN/NOCON/ IS51s I1S22 1S53, 1S4 INT1s INT2s I1FF
COMMUN/DTTSZ UTT
COMMUN/NNEWW/KSHUCK
DIMENSION MECL10U0), MALLIOOC)

BUO  FORMATCIH »T12s1Xelds3X26(E154802X),12)

801 FORMAT (1H »1UXs14," PUINTS REING ELIMINATED™)

02 FUORMAT(IH »10Xelas™ POLNTS BFING ADDEL™)

810 FORMAT(11Xs " FQINT E-IMINATED AT (1,7, l4s ™))

412 FORMAT(11Xs "™ NU POINT BEING ADUED.™)

H14 PORMAT(11xXx» ™ NEGATIVE NUMBER OF POINTS ADDED ") ‘

815 FORMAT(11Xxs I4» ™ PUIN!S BETWEEN KK 27, T4, " AND KK =27,

Ia,

1 " BLING ADUED.™)

820 FORMAT(11X, ™ PUINT AT kK =", I4, " BEING ELIMINATED LUE 70
1 INTEKRSECTION WITH SHOLUK wAVE™)

025 FORMAT ( 1M »10X»14s"PUINTS AUDED BETs KK = "™slds™ AND K« =
1 n,14)

830 FORMAT("» K 2%, [S5, ™ AND [N =7, [5)

840 FORMAT(" aennem)

Hal FORMAT(® eatena®)

842 FORMAT(" aavaeaaa®)

Bu3d FORMAT(T™ ssxaennnm)
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C 850 FORMAT(w» ODTMAX =", E12,8, * TE =", £15.8)
660 FORMAT("™ NN 3" [4s 4(E15.8s 2X))
1000 FORMAT(® Is)l =", IS5, " IS2 a™,I5s ™ INT1 a",15, " INT2 =",
1 15 ) 183 a", [5, » IS4 =", IS5, » [MAX =", [5)
Clo50 FORMAT(4ELS,.S8)
Clon0 FORMATC( ™ E(1sJ) s7,b18,8, ™ P(1sJ) 3"E1S,8s" RH(1,s)
¢ s",E15,8,
C 1" X(1,J) 2"sEL548," J 2%,18)
Clio0 FORMAT(® J1 a", IS5, SX, ™ J =", [S, 5%, " DT a", E£15,8)
Cl1110 FOQRMAT(" DT =" E15.8)
Cl200 FORMAT(™ IFF =", 15, loXs ® DT am, £15,8)
C1300 FORMAT(® C(lsJ) a", Elge8)s ™ E(1sJ) 8", E15485" P(1sJ) =",
C £15.8,
C L™ RHC1sJ) 3"0EL1548s" X(1sJ) ="E15,8," J a",]5)
XLINP(V1s DvVs DX» DY) ® V1 & DVeDY/ZDX
GINPC V2, DVLs DV2s DY) = V2 ¢ (DV22DX1#224DVIieNX28¢2)e 1Y

17 ( OX120X24(DX1 * DX2)) + (=DV1eDX2 + DV2eDX1)&( DY
2 Yy*22/(nX12nX2 (DXl + DOX2))
¢ IF(l ,GE. 3) DT1sUyT

IFULl JEQel) OT1=DT
IFCOT o6Te DT1) DT1aDT
DTT = ,005
DTl = DT26,4/5,
LFCL JEa@s 1Y OT1 = DT
[F(DY1 JGEs OTT) DTY = DTT
TMIN = 0,8
TMAX = 2.0
TMAX = 2.0
TMIN = (4%
TMAX = 100,0
TMAX=S,0
TMIN =z 0,9
TMAX = 3,0
OTMIN = TMIN®DT]
DTMAX = TMAX*DTI
3Ut FORMATC(IH »"DTMIN2",E12,8s"DTMAXS",E£15,8)
lFF1 = JFF
lk = 0
ISIM] = IS1 = |
KKM]l =
IsiM2 = ]Sy = 2
IF(KSHOCKWEQe1) GO TN 400
IFCISIM? oLEe 1) ISIP = ISI
IFCISIM?2 JLEs 1) GO TO 15
U0 10 KK = 2» ISIMI
IFCIK oEQe (1St = 3)) Lo TOQ 17
9 TE = ADT(KK» KKM1)
IFCTE oGTe DTMIN) GD TU 8
Ik = JK « 1
ME(IK) ® KK

jer M B a1 o)
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GO TO 10

8 KKkM1 = KK

10 CONTINUF

ISIP a IS1 = |K
IF (IK ,EQ, 0) GO TO 11
IFCMECIK) +JE@s ISIM1) wp TO 15

11 TE = ADT(IS1» IS51IM1)

IFCTE +GTe DTMIN) GO TU 15
Ik s [K ¢ 1
MECIK) = IStML

17 CONTINUT

[SiP = 151 = [K

19 CONTINUE

I1S2P1 = 52 + 1}

INTIML =« INTL < |}

IFCIS2P1 +JEas INTL) GO TN 24
KxwM: a 152

GO TU 401

400 Is2pP1s2

401

INTIMiaINT]e]

[siP=]s]

CONTINUE

U0 20 Kk = T52P1s INTIM)

16 TE = ADT(KK, KKM1)

IFCTE 6T, NTMIN)Y GO TY 19
Ik = [K + 1

MECIK) =2 KK

G TUu 20

19 KKM]l = K
20 CONTINUE
22 CONTINUE

INTLIP = INTY = K
[F C 1K «EQs 0) GU TO 43
LFCMECIK) JEQ. INTIM1) GO TO 25

»3 TE = ADTC(INTL» INTIMD)

IFCTE +G6Te NDTMIN) GO TU 25
Ik = [K ¢ 1
MECLIK) = INTIM}

24 INT1P = INT1 = IK
25 CONTINUE

INT2P1 = INT2 +
IS3M1 = |S3 =}
IFCINT2P1 ,EQ. IS3) GO TO 32
KKM1 = [NT?
IF C INT2P1.EQs 1S3M1 ) GO TU 31
DO 30 Kk = INT2P1, 1S3M1

26 TE = ADT(KKs KKM1)

IFCTE +GTe DTMIN) GO TY 29
Ik = [K ¢ 1
MECLIK) = KK



| Gao TO 30
| 729 KKM1 & KK
30 CONTINUE
31 CONTINUE
IS3P s 1S3 = |k
IF  IK +EQ@s 0 ) GO TO 34
IFCMECIK) +EQs IS3M1) up TO 35
34 TE = ADT(IS3» [S3IM1)
IFCTE «GTs DTMIN) GO TU 35
Ik = [K + 1
MECIK) = [S3ML
32 IS3P = 183 = [K
35 CONTINUE
IS4Pl = [S4 + |
IFFM1 = JFF = |
KkM1l = [S4
DO 40 KK = IS4PLl, IFFMI
, 36 TE = ADT(KK, KKM1)
: IFCTE oG6Te DTMIN) GO TY 39
Ik = [K ¢ 1
MECIK) a KK
GO TO 40
1Y KKM]l = KK
40 CONTINUE
IFFP = JFF « [K
IFCIK oFQe 0) GU TO 41
IFCMECIK) JEQ. IFFMY) ug TO 4%
4l TE = ADTCIFF, IFFMY)
LFCTE «GTe DTMIN) GO TU 45
b IK = [K » 1
- MECIK) = [FFMI
: IFFP a2 IFF = [k
| 45 CUNTINUE
| 1S1 = IS1P
: ¢ = END OF ELIMINATING PUINTS,
[s2 = IS1IP o+ 1
[§S3 = Is3pP
Is4 = [53P o+ 1|
INT2 = INTIP ¢ 1
IFF = JFFfP
IF C IK +EQ. 0) GO TO s6
JK = ]
K = 1
VO 55 KK = 1,]FF]
IF ( MECJK) +EQes KK ) 40 TO S3
PC 1o K ) 8 PC 1 » KK)
U ( 1eK) = UCLsKK)
i RHC1ls» K ) = KH(loKK )
‘ EClsK) 2 E(12KK)
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53

59
56

44
uYy

40

420
471

C(lsK) 8 C(10KK)
Q(lsK) = Q(loKK)
X(1»K) = X(1sKK)
K = £ ¢ |}
G0 TO 5%
CONTINUE
IF € JK +EQ. IK) GO TD S5
JK =2 JK ¢ 1
CONTINUE
CONTINUE
ILFCIK +€EQs 0) GU TU 49
Do 48 J = 1, lK
CONTINUE
CONTINUE
DO S0 J = 1,I1FF
PRINT 8005, TsJdex(1od)s¥(10Jd)sClLls0)sP(lad)sRH(LIMUIPE(LSUD) L
ADD POINTS STARTS,
Ik = TOTAL NUMHBER OF POINTS Tu HBE AUDED.
IFCIFF oGT, O ) GO TO 100
lk = 0
IF(KSHOCK EQel) GU TO 420
DO 6V KKk = 2» IS1
KKkM] = KK = 1
MA(KKML1) = [K
TE = ADT(KK, KKML1)
PRINT 850,NDTMAX, TE
IFCXCLoKK) JLTe O9EOwA(L»IFF)) GU TO 60
IF(XCLoKK) JLTsU0s99EO0«X(1»IFF)) GU T0 60
UTMAX=3,0E0«0DT
FCTE oLTe DTMAX) GO TU 60
NN = (X(1s KK) = X(1s AKMI))IZC(C(Ls KK) ¢ C(1s KKM1))aDT)=?
i,
IF(NN +LE. 1) GU TO 60
Ik = IK ¢ NN = )
COUNTINUE
MA(CLISL) = [K
1S1P = 1S1 « IK
[s2P1 = [S2 + 1
GO TO 421
1s2P1=?2
CONTINUE
DO 65 KK = [S2P1s INTI1
KKML = KK = |}
MA(KKMY) = IK
TE = ADT(KK, KKMIL)
UTMAX=3] ,8E0DT
IF(TE oLTs DTMAX) GO TU 65
NN = (X(1s KK) = X(1» KKM1))/ZC(CCLs KK) ¢ C(1s KKM1))2DDT)e?
1.
IFCNN oLEe 1) GU TO 65

81
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Ik = JK « NN = |

~5 CONTINUE

3079

MACINT1) = 1K

INTIP = INT1 + IK

INT2P1 = INT2 + |

V0 70 KKk s INT2P1,» 1S3
KKMl = KK = 1

MACKKML) = 1K

TE = ADT(KK» KKM1)
DTMAX=3,0E0«UT

IF(TE oLTs DTMAX) GO TU 70

NN 3 (X(1s KK) = X(1), KKMI))/ZCC(C(1»
i,

KK) ¢ C(1» KKMLI))aNT)e?

FORMATCIH »nKK3"s T4, "NN2" T4 "TLa"E15,8,"DT="sE15.8)

IFCNN oLEs 1) GU TO 70
Ik = 1K ¢ NN = 1

70 CONTINUE

MA(IS3) = Ik

IS3P = [S3 ¢ IK

[s4Pl = [S4 + 1

00 75 KK = TS4Pl,s IFF

KKML = KK = }

MACKKML) = IK

IFCIFF 4GTe O4) GO TU 75
TE = ADT(KK, KKM1)

IFCTE +LTse DTMAX) GO TU 75

NN = (X(1» KK) = X(1s KKkM1))/ZC((C(1s KK) + C(1>»

1,

IF(NN oLE. 1) GU TO 75
Ik 2 K ¢« NN = )

75 CUNTINUE

303

76 X(1s LFFP)

MACIFF) = [k
LFFP = TFF + IK

FORMATCIH »mIFFem, 14, "lFFPe", 14, IKa®"s14)

IF(MACIFF) JG4Es 1) GO To 76
o TO 77

X(1s IFF)

P(ls IFFP) P(ls IFF)
U(ls LFFP) Uutls IFF)
b(ls LFFP) t(ls IFF)
RH(1» IFFP) = RH(1, IFF)
C(ls IFFP) = CC1n IFF)
W(ls IFFP) = W(1ls IFF)

7/ CONTINUE

K s IFFpP

L) 80 KK = 2»1FF

IN = JFF = KK ¢+ 1

NPT = MACIN ¢ 1) = MA(LIN)
K= K *® NPT = 1

X(1» K) = X(C1s IN)

82
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P(ls K) = P(1,s IN) %
UCl» K) = UCLls IN)
EC(ls K) = E(1» IN)
KH(ls K) = RH(1s IN)
C(ls K) = C(1, IN)
Q(ls K) =2 QCls IN)
RO CONTINUP
€ CALCULATE PRUPERTIES AT ADDED PTs,
KCHCK = |
IFCKSHOCK EWsl) KCHCKu2
K = |
79 G0 TO (Bl1s B2, 83+ H4)2KCHCK
Al M1 = 2
M2 = [S]1 =1
GO TU 90
HZ ML = [S2 +
IF(KSHOCKFWol) Mix2
M2 =2 INT] =¢
IF(M1 JEQs INTY) Gt TO 92
GO 10 vg
H3 M1 = INT2 + 1
M2 = [S3 =1
IF(M} +EQe 1S3) GO T Y3
e 10 9o
R4 M1 = ISy + 1
M2 = [FF =t
IF(M1 .€qQ. 1FF) GO T0 YA
90 CONTINUE
U0 86 KKk = M1, M2
NPT2 = MA(KK + 1) = MALKK)
NPTL1 = MA(KK) * MA(KK = 1)
K 3 K + NPT) + |
[F(NPT1 LEQ. 0) GO T0 96
LFONPTL oLT, 0) PRINT 814
XPl = NPT1 + 1
UX = X(1» K) = X(1s K ® NPT} = {)
Uyl = =nx/xpPl
Uxl = Ux
UX2 = X(1s K ¢ NPT2 ¢ L) = X(1s K)
Dy = prv1
00 85 1a = 15 NPT
P2 = P(1, K) ;
U2 3 U(1, K) ;
E2 = £(1, K) |
HH2 8 RM(1, K) |
Q72 3 @1, K)
C2 = C(1, K)
P11 P(ls K) = P(1y K ® NPTL = 1)
bul U(ls K) = U(ls K = NFTL = 1)
8

Wwon

UEL = F(1s K) = E(1, K = NPT] = 1)

83




DRHl = RH(1, K) = RH(1® K = NPTl = 1)
. Dal (1, K) = QCls K = NPTT = 1)
| uct C(ls k) = CC1s K = NPTY = 1)
P2 P(ls K NPT2 o 1) = P(1, K)
Du2 = U1, K NPT2 + 1) = U(lr» K)
DE2 ECls X NPT2 ¢ 1) = E(1s K)
URH2 = RH(1, + NPT2 * 1) = RH(1» K)
De2 = Q(1», K NPT2 o 1) = Q(1s K)
vc2 = C(1s K NPT2 ¢ 1) = C(1» K)
P(lr K = [A) GINP(P2» DPts» DP2,s DY)
U(lsy K = [A) QINP(U2 DUl DUZ2s DY)
E(ls K = [A) QINP(E?* DE1» DE2, DY)
KH(ls K = TA) = QINP(RH?2), DRH1ls DRH2, DY)
(l» K = JTAY = QINP(Q2» DQis DQ2» DY)
C(ls K = JA) = QINP(C2» DC1» LC2, DY)
X(1» K = JA) = X(1» K) ¢ DY
XIA = 1A ¢ 1
Dy = DYieaXTA
C PRINT 800s ToJdsXC1o0)sY(15d)sCl1ad)aPlsJddsRH(LNUI)VE(L»U)L
: NS CONTINVE
J 3 K * 1A
He CONTINUE
u) TO (93 925 935 94)* KCHCK
91 M3 = [51
GO TU va
92 M3 = |NT1
GO TO ve
93 M3 = [S3
Go TU 96
94 G0 TU 98
| 36 CONTINUE
i NPTZ2 = MA(MI) = MA(M3I 1)
j K s K ¢ NPT2 ¢ ]
IF(NPT2 JLE. O0) GU TQ Y7
- XP2 2 NPT2 «+ 1
g Ux = X(1s K) = X(1s K = NPT2 = 1)
Uyl s=Dx/xP?
Dy = uvi
DD ¥5 1A = §» NPT2
F2 s P(1, K)
Uz = U(i, x)
€2 = £(1s K)
RHZ = RH(i» K)
02 = W(l» K)
Ce = C(1, X)
DP2 = P(l, K) = P(ly K « NPT2 = 1)
DUZ = UCls K) = U(ly K = NPT2 = 1)
VE2 s E(1s ) = EC1s K = NPT2 = 1)
DRH2 = RH{ls K) = RH(1» K = NPT2 = 1)
Va2 = Q(ls K) = Q(1, K = NPT2 = 1)

N uR + XS

AR T
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95
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9t

tnl

9y
100

250

DC2 = C(1s K) = C(1y XK = NPT2 = 1)

J s K= [A

P(l, J } s XLINP(P2, DP2, UXs DY)
Ugls J ) s XLINP(U2» DU2, UX» DY)
Ecls ) = XLINP(E2» DE2s DXs DY)
G(le J ) = XLINP(Q2, D@2, DXs» LY)
C(ly J ) a XLINP(C2s DC2, DX» DY)
RH(1s J ) = XLINP(RH2» ORH2, DXs DY)
X(ls J ) = x(1s» K) + DY

XIA = [A ¢
Uy = DY1aXIA
PRINT 8005 IsJsXC1aJ)sV(10d)sC(1od)sP(1sd)sRH(LI0IIE(LSU)0L
CUNTINUE ’
CONTINUL
K = K ¢ 1
KCHCK = KCHCK + 1
IF(KCHCK o+LEe 4) GO TO 79
COMPLETE ADD PTS,
CONTINUE
bu 101 g = 2» IFF
IF{MA(J) +EQs MA(J=1)) GO TO 101
N & MA(J) = MA(J=])
JM1 = J e
CONT INUE
[st = Js1P
[s2 = IS1P « 1
Is3 = [g3P
IS4 = IS3IP + 1
INTY = INT1P
INT2 = INTIP + 1
[FF = 1FFP
PRINT 1000, ISts IS2s INT1s INT2s 1S3» 1S4, IFF
0 99 J s 1, IFF
PRINT 800s IoJdaXUlod)sU(tad)sCl1od)sPC1sJ)sRH(L1U)WECTNU) L
CONTINUE
DO 250 4 2 1, IFF
PRINT 800s ToJdeXC10J)sV(15d)sCClsd)aP(LsJd)sRH(LI,UINE(LII)L

XISl = x(1, IS1) + yul1*OT1

X[IS3 = x(1s 1S3) + uu2*nT}

X{s2 = xIS§1

K154 = xIS3

XINT = x(1s INT1) ¢ UC), INT1)eOTI

IK = NO PTS ELIMINATED,
MECIK) = PT OF URIGINAL NO BEING ELIMINATED
Ik = 0
IF(KSHOCK.EQe1) GO TO 116
ISIMl = IS1 = 1
IF ( UU1l «GTe O¢ ) GO To 107
00 105 KK = 2, ISiM1
XD = XISl = (X(1s KK)Y * U(1l» KK)#DT1)
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105

107
110

115
116

120

125

127
130

135
134

140

e s S TR

IF(XD «GTs 04) GO TO 1US

IK = IK + 1

MECLK) = KK

CONTINVE

ISiP = 1S1 = [K

GO TO 116

1sSiP = [S1 = IK

CONTINUE

1s2P1 = [$2 + 1

INTIML = INT1 = 1}

IF ( UU1 +LTe O0s ) GO fO 116

DU 115 KK = 1S2P1, INTIMI

XD = XIS1 = (X(1sKK) ¢ U(LsKK) = DT1 )
XPD s XIS1 = (X(laKK) # UCLlaKkK) « DT1 ) =0,00100
[IF(XD oLTe 0s) WU TO 115

Ik = [K ¢ 1
MECIK) = KK
CONTINUE

CONTINUE

INTIP = INT1 = IK
CONTINUE

INT2P1 = INT2 ¢ 1
IS3M)l = 1S3 = 1
IF ( UuU2 «GTe 04 ) GO T 127
DO 125 kK = INT2P1,s 1S3IMI
XD = XIS3 = ( X(1sKK) * U(1,KK) » DT1)
X0 = XIS3 = ( X(1sKK) * UC1sKK) * DT1) «0,00100
IF(XD +6Ts 04) GU TO 145
Ik s K + 1
ME(IK) & KK
CONTINUE
IS3P = 183 = IK
Go TO 136
I1S3P = [S3 =K
CONTINUE
Isart = [S4 + 1
IFFM1 = [FF = 1}
IF ( UU? +LTs O0s ) GO 10 136
DO 139 kK = 1S4Pl 5 IFEMI
XD = XIS4 = (X(1oKK) & U(l, KK) « DT1)
LF(XD «LTs 0+) GO TO 135
ik = IK « 1
MECIK) = KK
CONTINUE
CUNTINUE
LFFP = IFF = [K
CUNTINUE
IF ( IK +EQ. 0) GO TO lét
K = 1
JK = 1
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AL

DD 150 kxk = 1, IFF

|
. IF ( ME(JK) +t@e KK) GYU TO 145
P(lys K) & P(ls» KK)
UCls K) 8 UCls KK)

ECl,» K)
: C(l, K)
; Q(l,» K)

X(1l» K)

O

KRH(1,» K) = RH(1» KK)

ECls KK)
C(1lsxK)

QA(l, KK)
X(1s KK)

g

- N % 0N

K =2 K ¢
’ GO 10 150
E 145 CONTINUE
i IF(JK +EQe IK) GO TO 150
# JK = JK ¢ 1
‘ ‘ 150 CUNTINUE
i LFUIK +EQe 0) GU TN 161
146 CONTINUE
DO 160 U = 1 IK

§ 160 CONTINUE
¥ 161 1S1 = IS1P

152 = IS1P & 1
: 1S3 = 153P
¥ Is4 = [S3P + 1
‘ INT1 = INTI1P
5 INT2 = [NTIP ¢ 1
] 1FF = IFFP

C LO 251 4 = 1 » IFF

: ¢ 251 PRINT 8000 T1oJdoXClod)sV(1od)aC(1sd)sPClsJd)sRHCLSUIIE(TISII) L
- | RETURN
1

SUBRODUTINE RASHUK(L,s IN, MSR)
COMMON/GAIN/ G(2,1000)2X(251000)5U(251000)5C(251000)sRH(?»1

1000), E(?2,1000),P(29»1000)
COMMUN/INIT/PI1oUI1sRHLISETL10CILoQI1sPI2sUT2sRHIZ2HET?2C1200 |
112

»UUU

CUMMUN / SHX4B 7/ UGR,CHY4N»RHARIEUB,P4UBIX4BsQA4R

CUMMUN /SHXGA 7/ UW4ASCURRHGAIEUAIPUAIXGASIQALA

COMMON/TIMUUZ DT» UULs UY2, 1 XMV

COMMON/RAWAY 7/ XR(30)sYR(30)sCR(30)SRHR(30)SER(30)sPR(I0) R

1HP(30)
COMMON /C1ANDZ2/ PF1,UFL,RHFL1,EFLsCF1,QF1sPF2,UF2,RHF2,EF?4C

1F20QF2» XF XS
COMMON/ZSINPTZ PIs» UL, HHIy» UFs XZs» PF» IRl IR2
IN » s pF INTERVALS DIV. FUR PRESSURE«» MSR = 1 -

RIGHT §
AND LEFT RAwWAVE,
RAWAVE ,

MSR = 2 = LEFT SHOCK ANU RIGHT

[ Nal ol el

87
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10

15

»0

30

40

NIT=100

TagL = 0,000%

MAX=100

IRl = 1

IR2 = IN ¢ 1}

K= 1

Pl = PI}

Ul = ult

PyA = P12

RHl = RHII

RH4A = RH]?

L4A = E12

Cu4nr = (]2

U4A = UL2

MS = ]

MK = 1

LAzl

L= ?

IF (MSR ,EQ. 1) GO TO
MS = 2

MR = 2

LAs

Lss]

CONTINUE

PF a3 (Pl + P4A)/2.
PuB = PF

CALL HRAWAVE (LA»IN»MR)
CALL SHOKEQ(KS»MS,1)
CONTINUE

UugB = (Y4B + UF)/72,
CALL SHOKEQ (LS»MS»2)
PF = P4g

CALL RAWAVE CLAsINsMR)
IF (ABS((U4B=UF)I/UF)
IF (K oLTe NIT) GO TO
6o YO 30

CONTINUE

Wy TO 1§

CONTINUE

INF = [N + 1}

VO 40 J = 1, INF
X(1sJ) = XR(J)

P(lsd) 3 PR(J)

U(lsJd) = UR(J)

E(lsJ) = ER(J)
KH(1sJd) s RHR(J)
C(1sJ) = CRCJ)

Q(lsoJd) = 0,

CONTINUE

INT1 = INF ¢ 1

lo

T
20

88
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INT2 s INT1 ¢ 1}
XCLoINTL) =2 XZ ¢ UFeDT
P(loINTE) = PF
KHC(I»INTL) = RHRCINF)
EC1sINTL) = ERCINF)
UCLloINTYL) = UF
C(I»INTY) CRUINF)
Q(I,INTL) = 0O,
X(1,INT2) 8 X(10INTY)
P(lsINT2) = PF
RH(1,INT2) = NH4B
ECloINT2) = E4B
U(1,INT2) = UF
C(1»INT2) = (4B
u(lPINT?) 3 O.

183 = INT2 + 1

[s4 = [S3 + 1
X(1,153) =2 xZ ¢ UUUDT
F(1,153) = Pt
RH(1:153) = Kridn
U(lels3) uf
L(1,183) 130]-
@(1,183) 0.
C(lslsdy Ca4d
X(1s154) x(1,[53)
P(1,154) PU4A
KMH(1s1S4) = RH4A

E E(1o154) = F4A

! C(1sI54) = C4A

' U(Lls1S54) = U4A

e T —

7 T

: W(1s154) 3 0o
- Ix = 1
B! | HF = xC1s INT1)
4 PF1 = F(1s INT1)
4 UFL = U(ls INTH)
RHF1 = RH(1, INT1)
- EF1 EC1s INT1)
& CF1 = C(1s INT1)
« QF 1 Q(1, INTY)
PF2 P(is INT2)
ur2 UCts INT2)
KHF2 = RH(1, INT2)
LF2 = E(ls INT2)
CF2 = C(1» INT2)
WFZ = (1, INT2)
914 FORMAT(IHOSIS»S5Xs6(1PELS8))
922 FORMAT(IH1,"THESE POIN!S DEFINE THE INITIAL SINGULARITY aHpn

1UT THE INTERFACE"™/
2 THOS™POINT NO« "r7XomX" o 1UXo"URN 14X s"Cr 16X ,"
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(eI B oLt B o]

94
975
¥26

s0

PN, L3Xs"RH™, 1aXs"E"/ 11t »"RAREFACTION IN REGIUN ONE™)

FORMAT(1H »"INTERFACE")
FORMAT(1H »mSHOCK IN REGION TwO")

FORMAT(IHO,"BHOCK VELQCITY "»1PELS.8)

PRINT 92?2

Azle0

B0 50 Jal,[S4
LFCJOEQJINTIIPRINT 924
[FCJoEQISIIPRINT 925

PRINT 9145dsAsUC1sJ)sCllod)sPClsd)sRH(L1,J)WE(LSU)

CONTINUE
PRINT 926»5UUU
RETURN

END

SUBROUTINE RAWAVEC(LSs [N, MR)
CUMPUTE RAREFACTINON WAVE.
RHI, PI» vl
Pt 3 PRESSURE AT CONTACT LINE.
INI NOW OF

INITIAL PROPERTIES.

INTERVALS TO BE LDIVIDED FOR PRESSURE,

MR = §+« LEFT RUNNING WAVES MK = 2, RIGHT RUNNING WAVE.
CUMMON/RAWAY 7/ X(30),U 30),CC30),RH(30)EC30)»P(I0)sRHPLIO)

COMMON/SINPT/Z Fus UL, THIs UFs XZ» PFo

IR1, IR2

COMMUN/TIMUUZ OTs UULs UU2» TIs XMU

100 FORMAT("

900 FORMAT(12Xs "X"»

IXy"E"™)
Lun0 FURKMAT(4x .,
ol FUPMAT(IH

NOT COUNVERGING IN RAWAVE ON N =", [2)
16Xs "U"s 16Xs "C%y 17Xs "P"y 17Xs "RH"» 17
6lb1%.8 2x), 12)
s"RUUTINE RAWAVE L, 3,7 IN™,[3," MRa"»]3)

ol = ¢,0001
MAXS100
SIGN = =i,
IF(MR JFQ. 2) SIGN s 1,
DEFINE PROPERTILES,
P(l) = pPI
u(l) = ul
RH(1) = RHI
E(1) = EQSTEQ(Ls» RHI,» "1)
C(1) = EQSTCWU(Ls ECL1)s RHI» PI)
X(1) =2 XZ + (U(l) + STuNeC(1))sDT
XIN = |N
Up = (FF = PI)/XIN
INF = IN + 1}
Uo 9 N = 2 INF
P(N) = P(N=1) ¢+ 0P
XINF = INF
g 25 N = 2, INF
ASSUMF VALULS FUR VARTAHLES.

N



10

111l

118

20

21

211

Zitl

1010

212

¥4

25

110
PLY

K =1

RH(N)BRH(N=1) * (1,¢1+/XINFaSIGN)

C(N) = C(Ney)

RHC & RH(N=1)«C(N=1)

CALCULATION OF PROPERTIES,

CONTINUE

KRHC = (RH(N=1)*C(N=1) * RH(N)*C(N))/2,

PRH = (P(N=1)/(RH(N=1)*a2) ¢ P(N)/(RH(N)®*%2))/2,
U(N) = SIGN«(P(N) = P(Nel))/RHC ¢ U(N=1)

E (N) = PRHe(RH(N) = RH(N=1)) ¢ E(N=1)

KHP(N) = EQSTRQ(Ls» E (N)s P(N))

C(N) = rQSTCO(L» E (N)* RHP(N)» P(N))
FORMAT(1H »"RHP(N)=",Eig,8," C(N)=",£15.8)
FORMAT(1HO»"RHPa"»E13,0,"Ea"sE1346,"U=",E13.46) nC
127, E1346»"RHCa",E13,6,"PRH2",E13,6)

IF( ABSCC(RHPEN) = RH(N))I/RH(N)) «GT4 TOL) GO TO 20
GO TO 22

CONTINUE

IF(KR oLTs MAX) G0 To 24

PRINT 100, N

GO TO 22

ag TU 30

CUNTINUE

LF(K «GEs 18) GU TO 214

RH(N)=( RH(N)+RHP(N)) / 2,

Go 10 212

FFeuP=U(N)

FFRHBO 4SEQ@SIGN*C(N)#(P(N)=P(N=1))/RHCw+?2
KH{N)SRH(N)=FF / FFRHN

IFCUP «LTs 041E=6) G0 D 2111

FraFF/up

CONTINUE

TALSTUL®1 E=2

IF(C ABS(FF) oLTs TAL) wn TO 22

FURMAT(IH »"RH(N)S",E12,8s"FFe™)E15,8s"FFRH2",E15.8)
CONTINUE

CON)BEQSTCQ(LSIE(N)»RHINISP(N)Y)

UPZU(N)

K = K 4« 1}

G0 TO 10

CONTINUE

X(N) = xZ ¢ (U(N) ¢ STuN«C(N))=DT

FRINT 900

CONTINUE

PF = P(INF)

UF = UCINF)

FORMAT(IH »™ PF 3 "n,L15,8," UF = ",E15,8)
RETURN

ENU
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SUBROUTINE REFLCKCIS1, XUU)

- SUBROUTINF TO CHECK REFLECTION OF SECOND SHOUCK.,
COMMUN/GAINZ 0(2»31000)2x(2+1000),UC2+1000),C(2+1000)sRH(?s1
1000)» £E(2+1000)»P(2°1000)
COMMON/TIMUUZ DTs UUL. UU2»
XUU = X(1s IS1) + UULeUT
RETURN
END

IsXMU

SUBROUTINE REFLSK(L)
- SUBROUTINE FOR SHOCK REFLECT AT THE CENTER.
COMMON/GAIN/ Q(2,1000)°%X(2+1000)»U(2,1000),C(2s1000)sRH(?»1
1000)» E(2,1000),P(2°1000)
COMMON/TIMUUZ DT, UUL, UU2, Ts XMU
COMMON/NOCON/ IS1»s 1S2» IS3» IS4s INT1s INTZ2,
COMMON /SHKUA / U4ASC4A,RHAAIEAAPUASXAASQUA
COMMON / SHK4HB / U4B,CY4R»RHGBIEABIP4BsXaBsQ4UB,UUU
COMMON/SHKI/ EP
800 FORMAT(®™ SHOK BEING RLFLECTED AT THE CENTER"™)
n0l FORMAT(® MACH NO FOR [HE REFLECTED SHOCK =",
IVELOCITY UF THE SECOND SHOCK =%» E15.8)
802 FORMATCIH » 12 1Xs 140 3Xs 6(E15.85 2X)>»
H03 FORMATC(IH 5 12s 1Xs lhr 3Xs 6(E15.48s 2X)»
L =]
XM = ={uyl1/C(1»
Uyl = =yut
X(2» 152) = X(1,
P(2» [52) = P(1»
U(2, 1S82) = U(1, [S2)
RH(2s 1S2) = RHA(L» 1S2)
€(2,» [S2) = £(1» IS2)
C(2» 152) = C(1» [S52)
Q(2» 1S52) = Q(1» IS2)
UgA = U(2,» IS52)
Cyn = (2, 152)
RH4A = RH(2s 152)
LaA = £(2s 152)
Pya = P2, 152)
CaLL SHOKEQ(E» 1» 3)
X¢2s IS1) = X(2» IS2)
P(2» 1S51) = PuB

[MAX

E1548s /s

12)
" REFLSHK™)

152)

[s2)
152)

U(2s

RH(2»

E(2»
C(2»
(2

151) = Y4B
Is1) = RH4B
1S1) = E48
1S1) = C4B

1S1) = 9(2, 1S82)

[siMl = [S] = 1

o 10 K =2 1,

1S1M1



(ol o BN o BX o B o0 B By

X(2s K) = X(1» K)
P(2, K) = P(2» IS1)
KH(2» K) = RHM(2s [S1)
E(2, K) = E£(2s ISY)
C(2, K) = C(2s ISY)
Q(2,» K) =& Q(2s 1S1)

10 CONTINUE
XISIMl = ISt = 1
DU = U(2, IS1)/X]I51IML
U2, 1) = 0,
VO 15 K = 2, [ISIMI

195 U(2r» K) s U(2, K=1) o+ VYUY
DO 21 J = [S1s182

21 PRINT 80351,5JdsX(25J)sUL250)0C(20d)sP(25J)sRH(20J)SE(254)
Rt TURN
END

SUBROUTINE SHFPT(L, I1» 12, 13s 14, 15, 165 UV)

COMMUN/GAIN/ W(25,1000)+x¢251000),U(2+s1000)sC(2+5000)sRkH(2s1

1000)» E(2,1000)»P(2921000)

COMMUN /SHKGA / UWGASCAA,RHAAIEQAPUALXAA»QUA

COMMON / SHK4B 7/ UULH,CH4RIRHERIE4BIP4B»XaB Q4N » UUU

COMMUN/SHKI/Z EP

CUMMON/TIMUUZ OFs UULs UU2» Is XMU

COMMUN/GNPSRBHE/ XB

LOMMON /7 REFK 7/ TREF,T

800 FORMAT(® xHB =", £15,8° " UB 2™ E15,8» " CB ="» E1548»"

X4 =v,

1 E15.8)

80l FORMAT(®™ CALCULATION UF ITERATION IN SHOCK FRONT POINT™)
8n2 FORMAT(™ Pu4R ="s E1S.87 ™ UGH =™ E15.85 ™ E48 =" E1%.0,
1 " RHap 3", E1548, " C48 3", E1548, " x4a8 =", £15.8)

305 FORMAT(™ SHUCK DUES NUT EXISTS INITIATE SHOK")

H10 FORMAT(™ MS BEING CHANGED» MS =", [2)

820 FURMAT(LIH »4X»™SHUCK VELOCITY FOR THE LEFT SHOCK UULl =",t1

15,8)

621 FORMAT(1IH » 4X»"SHOCK VELOCITY FOR THE RIGHT SHOCK uu2 =",

1£15.8)

850 FORMAY(1H » 6(14,2X))

460 FORMAT (IH » 6(E15,8))
900 FORMATCIH » 12s 1Xs T4° 3Xs 6(EL1548s 2X)s 12 2X» ™ SF™)
1000 FURMAT(" SHUCK FRONT POINT NOT CONVERGING,™)
QINP(C V2, DV1s DV2s DY) = V2 ¢ (DV24DX10024DVieIX2022)e DY
17 ( DX1oDX2#(0DX1 * DX2)) ¢ (=DV1eDX2 ¢+ DV2+DX1)e( DY
2 Yee2/(X14DX2 w(DX1 ¢ 0X2))
= MS = 1, RIWHY RUNNINU SHOCKS MS = 2, LEFT RUNNING SHNC'C,
IF ¢ WU +GE, 0,) MS = |
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SO oOoOcCa o

%ﬁ%ﬁ%%wWW;m

IF(UU +LTs 00 ) MS = ¢
IF(L +EQs 2) GO TO 3
IF(T +GTe TREF JAND, &+ JEQs
IF(UU JLEs O0e) GO TO 3
Mg s 2
SIGN = =},
6o T0 50
CONTINUE
MK = MS
My = 2
IFCU(ls T3) oLTe UU) MO =  }
IFCUCEs 13) oGTe UU) MO = 2
Tol. = 0,0008
Tubl = 1,E=10
NIT = 20
NT1T=230
LP = 0,01
[ICHCK = 1
K = 1
UEFINF PRUPERTIES,
CUNTINUE
IF(MS «FQs 1) SIGN = 1o
LF(MS WEGe 2) SIUN = =1,
IF(MS +6Q. 2) GU TO 7

X2 = X(1., 12)
U2 = Uits 12)
C2 = C(1» 12)
t? = tit1y 12)
P2 = PLl, 12)

RHZ = RH(1, 12)
Q2 = Q(1» [2)

DXl = X(1, T2) = X(1, 11)
DUl = U(ls 12) = UC1, 1Y)
DCt = C(1s 12) = C(1s 1Y)
DEL = E(1, 12) = E(1, L11)

DRHL s RH(1s 12) = RH(L, I1)

DP1 = P(l1, 12) = P(1, I1)
el = Q(1», 12) = w1, l1)
Ux2 = X(1s 13) = Xx(1, 12)
Ou2 = U(ts 13) = U(l, i2)
DC2 = C(1»I3) = C(1, 1¢)
DE2 s E(1s 13) = EC1s [2)

DRH2 s RH(1, 13) = RH(L, I2)
DP2 = P(1s 13) = P(1, L2)
a2 = 9(1» 13) = Q(1s 12)

Go TU A

CONTINUE

X2 = X(1, 18)

Uz s ull, Is)

C2 = C(1s 15)
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10

20
22

23

29
1
24

£2 = EC1, IS)

P2 = P(1, IS8)

RH2 = RH(1s 15)

02 = 9(1, IS)

Dx) s X(1» 19) = xX(1» [4)
DUl s U1, T9) = u(l, la)
DCL = C(1s IS) = C(1s la)
DE1 = EC1» I9) = EC1, l2)
URHY = RH(1, IS) = RH(}, 18)

DP1 = P(1, 15) = P(1, la)
DQl = Q(1s I5) = Q(1s la)
Dx2 = X(1s 16) = X(1s I5)
DU2 = U(l, 16) = U(ls 15)
0C2 = C(1s 16) = C(1,s 1%
DE2 = E(1s 16) = E(1s 1S)

URH2 = RH(1,16) = RH(1» I5)
UP2 = P(1, 16) = P(1, i5)
Ug2 = Q(1» 16) = Q(1s1>)
CUMPUTE x4
CONTINUE
X48 = X(1s 13) ¢ UU«DT
Ul s U2
Cp = C2
Xg s x2
COMPUTE x8 8Y ITERATION,
CONTINUVE
UxB = XB = x2
XBP = X4B = (UB + SIGN*CB)«DT
Ug = QINP(U2s DULs DU2# DXB)
¢B = QINP(C2s DC1s» DC2» DXB)
IF(C ABSC{(XBP = xB)/XBP) LT,
X8 s (XB ¢ XBP)/2,
PRINT 800, XBs UB» CBs Xx4d
0 TO 9
CONTINUE
IF(MS +FQs 2) GO TO 20
IF(XB +GEs x(1» 13)) GY TO 30
Go TO 22
IF(XB oLEe xC1s [3)) GU TO 30
CONTINUE
PRINT 801
Ugd = U2
CONTINUE
IF(MS +EQs 1) GO TO 29

CALL GNPSHB (Ls [4rISsl6sXxaBsMS )

Go 10O 31

CALL GNPSHB(hs» I1s 12, 13, X4H»

UygBl = yaB
IF(HS +EQs 1) GO TO 25

CALL GNPSHA(Ls 11, 12, 13, X4B)
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G0 TO 26
25 CALL GNPSHA(L» las IS, 16, X4B)
26 CaLL SHOKEQ(Ls MS» 1)
IF((K®(K/2)22) JEQs 0) GO TO 265
VUUAsUUUY
UyBA=U4B
6o TO 268
265 UyuBaUULU
UyBB=U4R
268 IF(K +LT410) GO TU 269
IFCABS(UUUA=UUUB) LT Y,1E=07) GO TO 269
BM=(U4Ba=UGRYE) / (UUUA®UUUB)
ValsU4BBe 0,5+ (UUUA=UUYR)*BM
269 1FC ABS(U4BY) LT, TOLL)Y GO TO 27
IFC ABS((U4BY = U4B)/U4B1) +LTe TOL) GO TOU 60
27 CONTINUE
IF(K +GEs NIT) GO YO 29
UgB = (u4Bl ¢ U4B)/2,
K = K + 1
PRINT 802, P4B»s UGB, E“Bs RHU4Bs C4B» X4B
GO TU 23
28 PRINT 1000
wg T0 50
30 CONTINUE
PRINT 805
[F(L +E0e¢ 2) GO Tu S0
IF (T LTse TREF ) MS 2 2
IF ( T .GEs TREF ) MS = |
LF(MS sEQs 1) SIGN = 1o
IF(MS +EQs ?) SIGN = =1,
G0 TO S0
IF(L «EQs 2) GO TU S50
- SHOCK DUES NOT EXISTe
IFCICHCK +EQe 2) GO TQ SO
LF(M5 JEQs 1) IS = 13
IF(MS JEQes 2) IS = 14
40 CONTINUE
ICHCK s 2
PyA = P(1s IS)
Jgh = U(ls IS)
taA = E(1s IB)
KH4A = RH(1, [S)
CaA = C(1s IS)
W4A = Q(ls IS)
[F(MK +EQs 1) MS = 2
IF ( MK (EQ. 2) MS = 1
PRINT 810» MS
CalL SHOKIN(Ls MSs 1, 1S)
wo TO S
50 CONTINUE
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u?
48

5%

&8

60

&7

70

IFCL +E@s 2) GO TO a7
UUl = U(1s13)+ SIGN#C(},13)
GO T0 48
UU2 = U(1s13)¢ SIGNeC(dy 13)
X4B = X(1s 13) ¢ (UC1s 13) ¢ SIGNeC(1s [3))eDT
IF ( LiEQs 2) GU TUO S8
IF ¢ MS ,EQ, 1) GO TO °%
CalL GNPSHA(LS, I1s 12, 13, X48)
wg T0 S8
CONTINUE
CALL GUNPSHA(L, las IS, 16,5 X4B8)
CONTINUE
Puld s PyA
U4B = UgA
taB = EyA
RHEH 3 RH4A
CuB = CuyA
WyB = QuA
CONTINUE
EP = (PUK = PU4A)/P4A
IF(L +EQs 1 oANUs MS .tQ, 2) GO TO 70
X(2s 13) = X491
Q(2» [3) = Q4
P(2» 13) = Puy
(2, 13) = E4B
RH(2» 13) = HH4B
C ( 2,13) = C48
U2, 13) Ud4d
X(2s 14y X4d
d(2s 14) AuA
P2, 10) PUA
£E(2, 14) E4A
RH(2s lg) = RHgA
C(2» [8) = C4A
U2, [4) 3 U4A

e TO 75
CONTINUE

X(2» [3) = Xbo
Q(2» [3) 3 Q4A
P(2» [3) = P4A
E(2» 13) = E4A
RH{2» [3) = HH4A
C(2» 13) = C4a
U(2» 13) = U4aA
X(2s [8) = x48
W2, l4) =3 Q4A
P(2» [4) = Pd4p
t(2, [4) = g4

KH(2s JTa) = RH4B
C(2» lu) = CuB
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U(2, [4) = U&B

| 75 CONTINUE

’ IF ( AHBS(EP) +GTs 04 ) GOTO 79
[IF(MS +EOs 2) GO TO 78
X(2, 13) = X(2» 14)
Q(2» 13) = Q(2, 14)
P(2s 13) 3 P(2» 1)
EC2s 13) s E(2y 14)
RH(2, I13) s RH(2,» %)
C(2,» 13) = C(2» 14)
U(2, 13) = U2, 147

G0 To 79

78 CONTINUE
X(2s 14) 3 X(2s 13)
| Q(2s 14) = Q(2s I
! P(2s 14) = P(2) ID)
EC2s 14) = E(20 1I3)

RHC(2, 14) = RH(?2,» I3)
C(2s 14a) = C(2,» I3)
U(2s 14) = U2, 13)
9y CUNTINUE
IF ( L E@. 1 ) GO TO ¢0
g TO 9o
b0 CONTINUE
g0 CONTINUF
lF‘L oEQ.l)UU’uUl
IF ( L +EQs 2 ) UU = UY2
RETURN
END

SUBKOUTINE SHOKIN (LsM3,MQs1S)
L COMMON/GAIN/ Q(201000)'X(2.1000)nU(2n1000).C(201000)oRH(?-l

1000), EC2,1000)»P(2°1000)
, CUMMUN/NOCON/ IS1s 152+ 1S3» IS4» INTIL» INT2, IMAX
CUMMON / SHK4HY / UGBsCHY4BsRH4BEUBIPUBIX4BsQUA » YUY

CUMMON /SHK4A / U4ASCUAR,RHAALE4ASPAASXEA»AAA
CUMMON/TIMUU/ DT» UUL, UU2» 1s XMU

( COMMUN/SHKT/ EP

! C IS - POSITION TO INITIATE SHOCK

f C MS = 1 = RIGHT SHOLk» MS = 2 = LEFT 3HOCK
! ¢ MG = " e GIVEN P2, MQ = 2 = GIVEN U2

1000 FORMAT(1H s 12,1Xs 1l IX?6(EL154802X)»1252Xs "INSK™)
1001 FORMAT(® INITIATED SHUCK SPEED UU2 ="» EL158)
1un? FORMAT(™ INITIATED SHUCK SPEED LUl ="» E1548)

TOLSK = 1.,E=06

TOLSK=0,0001

IF ( MS EQ, 1) SIGN = 1

IF ( MS EQs 2 ) SIGN = =1,
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Isl = IS

Is2 = s + 1
UgA = U(l, IS)
Caa = C(1s IS)

RH4A = RH(1, IS)

E4A = EC1s» IS)

P4A = P(1, 18)

Q4A = Q1 IS)

IF ( ABSCEP) +LTe TOLSK ) GO TO 7
PyuB = PyA » EP ¢ PuA

CALL SHOKEQ (LsMS» 1)

6o TO o

CONTINUE

VUl = U(1,IS) + SIGN » C(1»1IS)
CALL SHOKEQ ( LasMS, 3)
CONTINUE

IF(MS +EQs 1) GU TO 10
UCleISt) = U4GA

P(1sIS1) = P4A

RH (10o1S1) = RHEA

EC1,IS1) s E4A

C(1oI181) = ChA
Q(1»]S1) 3 QuA
X(1»151) 3 x(1s1S)
U(l1s152) = yad
P(1,182) = P4y

RH(1»,]1S82) = HH4B
L(1+152) = E48B
C(1s152) = (48
W(1s152) = Q(1,18)
X(1,182) = x(1,18)
4o TO 20

CONTINUE

U(1,1S81) = 4B
PC1,151) = P48
RH(1s1S1) = HH4B

E(1,1IS1) = E4Y
C(1,IS1) = Cud
Q(1sI51) = Q(1,18)
X(1s151) 5 X(141S)
U(1+152) = (4A
P(1,1S82) = P4A

RH(1,152) = RHA4A
E(Lls1S2) = E4A
CC1,182) = CdA
Q(1,152) = Q(1,18)
X(1o1S2) = x(1,15)
CONTINUE

IF(L +EQs 1) GO TO 21
6o YO 22

99



e e =

LR

'3 CONTINUE
22 CUNTINUE
RETURN
END

SUBROUTINE SHOKEQ (LsM3,MQ)

COMMUN /SHKUA / U4GASCAA,RHAASEULAIPLAIXUALQEA
COMMON / SHK4B 7/ U4B,CH4R»RH4ABE4BIPURIXUBIQUBIUUU
COMMUN/TIMUL/Z OTs UULls UU2s Is XMU

COMMON/SHKI/ EP

C you FURMAT (1d » 6( E15.8))

C vol FORMAT(1H »™ ROUTINE SHOKEQ Le®,I13," MSx",12," Ma=",14)
¢ MS = | = RIuHT SHOLK

C MS = ¢ = LEFT SHOOK

C - MQ = 1, GIVEN P23 Mu = 2, GIVEN U2} MQ = 3» GIVEN UU,

o MQ = | e GIVEN P2» MQ =2 = GIVEN U2

o PRINT 910

C 910 FORMAT (1H " y2p yup g€2p RH2P cap Pony

906 FUKMAT (1H » " wwe WARNING oo+«  RHZ IS LESS THAN RHI"™ )
1000 FORMAT (1M »"SHUCKEQ NUT CONVERGING™)
C PRINT 901»,LsMSsMQ
1313 FORMAT(AX I "RHL2 "HE15.0,6Xs"UUS "5 E1548,6Xs"ul= "5 E15.8)
XS = 1.
IF ( MS LEQ. 2) XS = =1,
TgLh = 0,0008%
ToLl=l.E=20
NIT=100
Kal
UlsU4A
CisCaA
Uu = C1 « XS + Ul
HHI=sRH4A
SEINY)
Pi1aP4aA
G0 TO (5, 255 40)» MQ
5 CONTINUE
C PRINTYO03
C 903 FORMAT(LIH »6XsMU2P™, 12A,"UUP " 12Xs"E2P",12Xs "RH2P" 511X
C nC2PY", 12X,
c s"pP2P")
P2zPa4ag
P2P = P4R
[F((P2 « P1) JLEs O4) P2 = P1 ¢ 0,001
U2 s Ul ¢ (P2=P1l)/(RHI1*(UU=U1))
RH2s(P2/P1)wn]l 4xRH]
10 CONTINUVE
IF { ABS(U2=Ul) LT, TUL1) GO TO 15
U2P = (P2=P1)%(RH2*"RH1?/(RH1+RH2«(U2=U1))+Ul
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12
15

16
20

¢02

205

206
208

35

25

26

o7

?9

40

41

UUP=(P2=P1)/(RH1#(U2P=V1))eUl
IFC(RH2=RH1 ) oLE0040)CALL EXIT
E2P = E1 ¢ (PleP2)*(RHZ=RH1)/(240*RH12RH2)
RH2PSLASTRA(LIE2PSP2)
C2P=EQSTCQ(LPE2PIRH2P,F2)
[F ( ABS ((U2P = U2 ) 7/ U2P) =TOL ) 16s 164 20
IF (ABS(( RHZP *= RH2 )/RH2P) = TOL ) 30,30,20
IF ( K .GE. NIT ) GO TU 135
IF(( Ke(xk/2)%2) +EQ. Y) GO TO 202
RHXASRH2
RHYA=R}H2P
GU TU 205
RHXBsRK?
RHYB=RNMIP
IF (K LTe12) GO TO 2Y6
IF (ABS(RHYB=RHYA),LTe 0,1E=06) GO TO 208
BOH= (KHXB = RHXA)/(RAYB2RHYA)
RH2= (RHXA=BUB*RHYA)/(1., =BOB)
GO TU 208
RHZ230.S5«(RH2 ¢ RH2P)
KaK+l
U2=0,5+(U2+U2P)
PRINT 900,U2PsUUPIEZP "H2P,C2PsP2P
@O0 YO 10
PRINT 1000
e TO 30
CONTINUVE
U2 = U4R
U2P = U4R
RH2 3 RKL « 1.1
CONTINUE
IF ( ABS (RH2 =RH1) !, TOLY) GO TO 27
UUP 8 (RH2#U2 = RH1#U1)/(RH2=RH1)
P2P = Pl + HHI«(UUP = U1)a(U2=Ul)
E2k =2 E1 ¢ (Ple P2P) o (RH2=RH1)/(24*RH19RH2)
RHZF = EQSTRQ (L2E2P,P2P)
C2P = EQSTCA (LsE2P,RHEPIP2P)
1F ( ABS((RH2P =RH2)/RH2P) LT, TOL) 60 TO 30
K = K+
RH2 & (RHZ2P ¢ RH2)/2.
PRINT 900sUPPsUUPE2P,R"KH2PC2PsP2P
IF ( K .GEs NIT) 4O TD 29
GU TO 26
PRINT 1000
Go T0 30
CONTINUE
JUP = Uyl
RH2 = FH1 %240
IFC ABS(FP) +LTs 0,001’7 RH?2 = RHI1
U2P = (RH2+UUYP = KHH1#(VUUP = U1))/KH2
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P2P & Pl ¢ RHl#(UUP = U1)e(Uu2P = U1)

E2P = E1 ¢ (Ple P2P) » (RH2°RH1)/(2+s#HH1#RH2)

RH2P s EQSTRU (LsE2PsPEP)
C2P = EQSTCO (LsE2PsRHEPP2P)

IF ( ABS((RH2P =RH2)/RH2P) +LT, TOL) GO TO 30

K 3 K+l

PRINT 900sUPPsUUPSE2PsRH2P4C2PsP2P

IF ( K +GEs NIT) a0 TU 39
HH2 = (RH2P + RH2)/2,

6o TU &1

PRINT 1000

CUNTINUE

UuB=u2P

CuyB=C2P

RHAHSRH2P

EuBsg 2P

P4B = P2P

FORMAT(" UUPa",E12,8)
IF (L +EQ. 1) UUL = UUP
IF (L JEue 2) VU2 s uvp
vyuu = UuP

PRINT 900 U4BIUUPE4H»RHARIC4BIPAUB

RETURN
END

SUBROUTINE SwlTCH(Ilol“DDoINAT-ISKOS)
chMUN/uAI~/H(?.1000).*(2.1000).0(2.1000)

100), E(2,1000)sP(2+s1Y00)

»C(2»1000)»RH(Z,10

CUHMUN/NUCON/ISlo15201330ISG-INTI»INTZ.MXNPT

IFCIAVDLLT,0) GO TO 1
IER KL E D!
N=(
4o 70 2

IS1GN==}
NaMXNPT=]1

CONT INUE
[LLASTsMXNPT+lADU=N=~1
U0 3 Js1l,MxNPT
IACHSMXNPTOIADoﬁ(lI'J)'lSIGN-N
IOU-MXNPT¢(II'J)'ISIGN'N
X(1sIACH)sX(1s1UU)
UClsIACHYSUCL,10U)
C(1sIACH)SC (1,10U)
P(lsIACH)aP(1,10U)
KHCLls1ACH)=RH( 1 JUU)
t(1sIACH)=E(L1»1UV)
Q(1sIACHI=Q(1»I0U)
CONTINUE
MXNPTaMXNPT+1ADUD
RETURN

END
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